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IN THE UNITED STATES DISTRICT COURT
FOR THE DISTRICT OF DELAWARE

KARDIAMETRICS, LLC C.A. No. 13-1596-LPS
Plaintiff,

V. DEMAND FOR JURY TRIAL

MERIT MEDICAL SYSTEMS, INC,,

Defendant.

FIRST AMENDED COMPLAINT FOR PATENT INFRINGEMENT

Plaintiff Kardiametrics, LLC, for its Complaint against Merit Medical Systems,
Inc. (“Defendant”), alleges as follows:

JURISDICTION AND VENUE

1. This is an action for patent infringement in violation of the Patent Act of the
United States, 35 U.S.C. §§ 1 ef seq.

2. This Court has original and exclusive subject matter jurisdiction over the patent
infringement claims for relief under 28 U.S.C. §§ 1331 and 1338(a).

3. This Court has personal jurisdiction over Defendant because Defendant has
transacted and is transacting business in the District of Delaware that includes, but is not limited
to, the sale of products that practice the subject matter claimed in the patents involved in this
action.

4, Venue is proper in this district under 28 U.S.C. §1391(b-c) and 1400(b) because a
substantial part of the events or omissions giving rise to the claims occurred in this District
where Defendant has done business and committed infringing acts and continues to do business

and to commit infringing acts.
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PARTIES
5. Plaintiff Kardiametrics, LLC (“Plaintiff”) is a limited liability company organized
under the laws of the State of Delaware.
6. Plaintiff is informed and believes, and on that basis alleges, that Defendant Merit

Medical Systems, Inc. is a corporation organized under the laws of the State of Utah, with its
principal place of business at 1600 W. Merit Parkway, South Jordan, Utah 84095. Plaintiff is
further informed and believes, and on that basis alleges, that Defendant is in the business of
selling medical devices and that, at all times relevant hereto, Defendant has done and continues
to do business in this judicial district, including, but not limited to, by selling the medical devices
listed below to customers located in this judicial district.

FACTS

7. Plaintiff is informed and believes that in 1995, PercuSurge, Inc. (“PercuSurge™)
was formed as a private company to develop solutions allowing interventional vascular
physicians to capture and remove debris and blood clots, otherwise known as emboli and
thrombi that dislodged during artery-clearing procedures such as angioplasty and stent
treatments, that might otherwise block downstream vessels and damage those vessels and organs
such as the brain and heart.

8. Plaintiff is informed and believes that in December 2000, Medtronic, Inc.
acquired PercuSurge for approximately $225 million in stock at a time when PercuSurge had no
product approved for patient use in the United States and eleven issued US patents and
approximately twenty-six pending US applications.

9. Plaintiff is informed and believes that on or about June 1, 2001, the U.S Food and

Drug Administration (the “FDA”) granted clearance to Medtronic to market the PercuSurge
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GuardWire Plus™ Temporary Occlusion and Aspiration System (the “GuardWire”). Plaintiff is
further informed and believes that the GuardWire was the first distal embolic protection system
to receive FDA approval in the United States.

10. On October 24, 2000, United States Patent No. 6,135,991 entitled “Aspiration
Method” (the “‘991 Patent”) was duly and legally issued to Ketan P. Muni, Gholam-Reza Zadno-
Azizi, and Celso Bagaoisan as inventors. A true and correct copy of United States Patent No.
6,135,991 is attached hereto as Exhibit “A” and incorporated herein by this reference.

11. On January 31, 2012, United States Patent Office issued an Ex Parte
Reexamination Certificate for the ‘991 Patent confirming the patentability of claims 12-14.
Plaintiff is informed and believes that the United States Patent Office did not reexamine claims
1-11 and 15-59.

12. On September 24, 2002, United States Patent No. 6,454,741 entitled “Aspiration
Method” (the ““741 Patent”) was duly and legally issued to Ketan P. Muni, Gholam Reza
Zadno-Azizi, and Celso Bagaoisan as inventors. A true and correct copy of United States Patent
No. 6,454,741 is attached hereto as Exhibit “B” and incorporated herein by this reference.

13. On July 10, 2012, United States Patent Office issued an Ex Parte Reexamination
Certificate for the ‘741 Patent confirming the patentability of claims 47-53. Plaintiff is informed
and believes that the United States Patent Office did not reexamine claims 1-46 and 54-68.

14. On or about April 18, 2013, Plaintiff acquired by assignment all right, title and
interest in and to the ‘991 Patent. The’991 Patent is valid and in force.

15. On or about April 18, 2013, Plaintiff acquired by assignment all right, title and

interest in and to the ‘741 Patent. The’741 Patent is valid and in force.
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16. Defendant has been and is now infringing the ‘991 Patent, in this judicial district
and elsewhere, by selling and distributing certain medical devices including the ASAP®
Aspiration Catheter which, individually or in combination, incorporate and/or use subject matter
claimed by the ‘991 Patent. Further, Defendant has been and is now intending to and/or
encouraging others to directly infringe the ‘991 Patent and ‘741 Patent. Specifically, Defendant
has been and is now directing end users of the above referenced products, including through
written techniques and instructions, to use these products alone or in combination to infringe the
‘991 Patent and ‘741 Patent.

FIRST CLAIM FOR RELIEF

(Infringement of the ‘991 Patent)

17. Plaintiff refers to and incorporates herein by reference paragraphs 1-16.

18.  The claims of the ‘991 Patent relate to “an improved method for aspirating
emboli, thrombi, and other types of particles from the human arterial or venous system, the
method being particularly well suited for treating stenoses or occlusions within saphenous vein
grafts, coronary arteries, arteries above the aortic arch such as the carotid and cerebral arteries,
and similar vessels.”

19.  Defendant, by the acts complained of herein, and by making, using, selling,
offering for sale, and/or importing in the United States, including in the District of Delaware,
instrumentalities embodying the invention, has in the past, does now, and continues to infringe
the ‘991 Patent directly, contributorily and/or by inducement, literally and/or under the doctrine
of equivalents, in violation of 35 U.S.C. § 271.

20. By reason of the acts of Defendant alleged herein, Plaintiff has suffered damage

in an amount to be proved at trial.
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21. Further, Defendant threatens to continue to engage in the acts complained of
herein and, unless restrained and enjoined, will continue to do so, all to Plaintiff’s irreparable
injury. It would be difficult to ascertain the amount of compensation that would afford Plaintiff
adequate relief for such future and continuing acts, and a multiplicity of judicial proceedings
would be required. Plaintiff does not have an adequate remedy at law to compensate it for the
injuries threatened.

SECOND CLAIM FOR RELIEF

(Infringement of the ‘741 Patent)

22. Plaintiff refers to and incorporates herein by reference paragraphs 1-21

23.  The claims of the ‘741 Patent relate to “an improved method for aspirating
emboli, thrombi, and other types of particles from the human arterial or venous system, the
method being particularly well suited for treating stenoses or occlusions within saphenous vein
grafts, coronary arteries, arteries above the aortic arch such as the carotid and cerebral arteries,
and similar vessels.”

24.  Defendant, by the acts complained of herein, and by making, using, selling,
offering for sale, and/or importing in the United States, including in the District of Delaware,
instrumentalities embodying the invention, has in the past, does now, and continues to infringe
the ‘741 Patent contributorily and/or by inducement, literally and/or under the doctrine of
equivalents, in violation of 35 U.S.C. § 271.

25. By reason of the acts of Defendant alleged herein, Plaintiff has suffered damage
in an amount to be proved at trial.

26. Further, Defendant threatens to continue to engage in the acts complained of

herein and, unless restrained and enjoined, will continue to do so, all to Plaintiff’s irreparable
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injury. It would be difficult to ascertain the amount of compensation that would afford Plaintiff
adequate relief for such future and continuing acts, and a multiplicity of judicial proceedings
would be required. Plaintiff does not have an adequate remedy at law to compensate it for the

injuries threatened.

JURY DEMAND

Plaintiff demands a jury trial on all issues so triable.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff prays for relief as follows:

A. For an order finding that the ‘991 Patent is valid and enforceable;

B. For an order finding that the ‘741 Patent is valid and enforceable;

C. For an order finding that Defendant has infringed the ‘991 Patent directly,
contributorily and/or by inducement, in violation of 35 U.S.C. § 271;

D. For an order finding that Defendant has infringed the ‘741 Patent contributorily
and/or by inducement, in violation of 35 U.S.C. § 271;

E. For an order temporarily, preliminarily and permanently enjoining Defendant,
their officers, directors, agents, servants, affiliates, employees, subsidiaries, divisions, branches,
parents, attorneys, representatives, privies, and all others acting in concert or participation with
any of them, from infringing the ‘991 Patent directly, contributorily and/or by inducement, in
violation of 35 U.S.C. § 271;

F. For an order temporarily, preliminarily and permanently enjoining Defendant,
their officers, directors, agents, servants, affiliates, employees, subsidiaries, divisions, branches,

parents, attorneys, representatives, privies, and all others acting in concert or participation with
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any of them, from infringing the ‘741 Patent contributorily and/or by inducement, in violation of
35US.C. § 271;

G. For an order directing Defendant to deliver to Plaintiff for destruction or other
disposition all infringing products and systems in its possession;

H. For an order directing Defendant to file with the Court, and serve upon Plaintiff’s
counsel, within thirty (30) days after entry of the order of injunction, a report setting forth the
manner and form in which Defendant has complied with the injunction;

L For an order awarding Plaintiff general and/or specific damages, including a
reasonable royalty and/or lost profits, in amounts to be fixed by the Court in accordance with
proof, including enhanced and/or exemplary damages, as appropriate, as well as all of
Defendant’s profits or gains of any kind from its acts of patent infringement;

J. For an order awarding Plaintiff all of its costs, including its attorneys’ fees,
incurred in prosecuting this action, including, without limitation, pursuant to 35 U.S.C. § 285 and
other applicable law;

K. For an order requiring an accounting of the damages to which Plaintiff is found to
be entitled;

L. For an order awarding Plaintiff pre-judgment and post-judgment interest; and

M. For an order awarding Plaintiff such other and further relief as the Court may

deem just and proper.
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DATED: December 5, 2013
/s/ Kenneth L. Dorsney
Kenneth L. Dorsney (#3726)

OF COUNSEL: MORRIS JAMES LLP

500 Delaware Avenue, Suite 1500
Stanley M. Gibson Wilmington, DE 19801-1494
Ryan S. Mauck (302) 888-6800
JEFFER MANGELS BUTLER & MITCHELL LLP kdorsney @morrisjames.com
1900 Avenue of the Stars, Seventh Floor
Los Angeles, CA 90067 Attorneys for Plaintiff,
(310) 203-8080 Kardiametrics, LLC

smg@jmbm.com
rxm@jmbm.com
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EXHIBIT A
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TR
US006135991A

United States Patent [ (1] Patent Number: 6,135,991

Muni et al. (451 Date of Patent: Oct. 24, 2000

[54] ASPIRATION METHOD OTHER PUBLICATIONS

[75] Inventors: Ketan P. Muni, San Jose; Gholam “Coronary and Perifpheral Angioplasty: Historic Perspec-
Reza Zadno-Azizi, Newark; Celso tive” Myler, et al., [I-Coronary and Peripheral Angioplasty.

Chapter 9, pp. 171-185.

Bagaoisan, Union City, all of Calif. ’ 19 .
“Restenosis: The Clinical Issues” Hillegass, el al., II-Coro-

[73] Assignee: PercuSurge, Inc., Sunnyvale, Calif. nary and Peripheral Angioplasty, Chapter 22, pp. 415-435.
“The Pathology of Interventional Coronary Artery Tech-
21]  Appl. No.: 09/049,857 niques and Devices” Waller, et lal., [I-Coronary and Periph-
(21) PPl WO / eral Angioplasty, Chapter 24, pp. 449-476.
22] Filed: Mar. 27, 1998 “Perfusion Angiplasty:” Kereiakes, et al., II-Coronary and
giplasty ry
Peripheral Angioplasty, Chapter 25, pp. 477-494.
Related U.S. Application Data “Antiplasty and Interventional Vascular Procedures in the

o o ‘ Peripheral, Renal, Visceral and Extracranial Circulation”
[63] Continuation-in-past of application No. 08/813,807, Mar. 6, Wholey, et al., Il-Coronary and Peripheral Angioplasty,

1997, abandoned. Chapter 33, pp. 600-628.
51] Int. CL7 oo ereereenenn. AG1M 31/00 “DCA Device” (section) and summary III-Corona
X y Iy
[52] US.CL irverinnnns 604/509; 604/510; 604/96;  Atherectomy, Chapter 35, pp. 642, 657, and 658.
604/22; 606/159 “Percutancous Coronary Rotational Angioplasty with the
[58] Field of Search .....ccoooveresreerce. 604/22, 28,96,  Rotablator” Bertrand, et al., IlI-Coronary Atherectomy,
604/101, 102, 104, 500, 506, 510; 606/159, ~ Chapter 36, pp. 659, 666 and 667.
198 “Extraction Atherectomy” III-Coronary Atherectomy,
Chapter 37, pp. 669, 675-677.
[56] References Cited . . ) .
Primary Examiner—Wynn Wood Coggins
U.S. PATENT DOCUMENTS Assistant Examiner—eborah Blyveis
3,144,868 /1964 Jascalevich . ﬁﬁc;)mey, Agent, or Firm—XKnobbc, Martens, Olson & Bear,
4,276,874 7/1981 Wolvek et al. . P
4,445,892 5/1984 Hussein et al. . [57] ABSTRACT
4,456,011 6/1984 Warnecke .
4,468,216  8/1984 Muto . A method [or the treatment of a stenosis or an occlusion in
4,511,354 4/1985 Sterling . a blood vessel in which an occlusive device is first delivered
(List continued on next page.) and activated at a site distal to the occlusion to at least

partially occlude the vessel. A therapy catheter is then

FOREIGN PATENT DOCUMENTS introduced to treat the occlusion and a debris removal device

WO0/89/01309  2/1983 WIPO . is delivered to aspirate debris from the vesscl. The present
WO 95/09024  4/1995  WIPO ., invention eliminates the need for a separate irrigation cath-
WO/95/09024  4/1995 WIPO . d irrication fluid which all h d b

WO 96/01070  1/1996 WIPO . eter and irrigation fluid which allows the procedure to be
WO/96/01079  1/1996 WIPO . performed quickly and efficiently, and is especially useful in
WO/96/15824  5/1996 WIPO . the removal of occlusion from saphenous vein grafts, the
WO/97/44082 11/1997 WIPO . coronary and carotid arleries, arteries above the aortic arch

WO/98/26833 6/1998 WIPO .
WO/98/38930 9/1998 WIPO .
WOQ/98/44982 10/1998 WIPO .
WO0/99/22673  5/1999 WIPO . 59 Claims, 9 Drawing Sheets

and vessels of similar size and pressure.
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1
ASPIRATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part of U.S. patent
application Ser. No. 08/813,807, filed Mar. 6, 1997 now
abandoned, which is hereby incorporated by reference in its
cotirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improved method for
aspirating emboli, thrombi, and other types of particles from
the human arterial or venous system, the method being
particularly well suited for treating stenoses or occlusions
within saphenous vein grafts, coronary arteries, arteries
above the aortic arch such as the carotid and cerebral
arteries, and similar vessels.

2. Description of the Related Art

Human blood vessels often become occluded or com-
pletely blocked by plaque, thrombi, other deposits, emboli
or other substances, which reduce the blood carrying capac-
ity of the vessel. Should the blockage occur at a critical place
in the circulatory syslem, serious and permanent injury, or
even death, can occur. To prevent this, some form of medical
intervention is usually performed when significant occlusion
is detected.

Coronary heart disease is an extremely common disorder
in developed countries, and is the leading cause of death in
the U.S. Damage to or malfunction of the heart is caused by
narrowing or blockage of the coronary arteries
(atherosclerosis) that supply blood to the heart. The coronary
arteries are first narrowed and may eventually be completely
blocked by plaque, and may further be complicated by the
formation of thrombi (blood clots) on the roughened sur-
faces of the plaques. Myocardial infarction can result from
atherosclerosis, especiatly from an occlusive or near occlu-
sive thrombi overlying or adjacent to the atherosclerotic
plaque, leading to death of portions of the heart muscle.
Thrombi and emboli also often resull from myocardial
infarction, and these clots can block the coronary arteries, or
can migrate further downstream, causing additional compli-
cations.

Various types of intervention techniques have been devel-
oped which facilitate the reduction or removal of the block-
age in the blood vessel, allowing increased blood flow
through the vessel. One technique for treating stenosis or
occlusion of a blood vessel is balloon angioplasty. A balloon
catheter is inserted into the narrowed or blocked area, and
the balloon is inflated to expand the consiricted area. In
many cases, near normal blood flow is restored. It can be
difficult, however, to treat plaque deposits and thrombi in the
coronary arteries, because the coronary arteries are small,
which makes accessing them with commonly used catheters
difficult.

Other types of intervention include atherectomy, deploy-
ment of stents, introduction of specific medication by
infusion, and bypass surgery. Each of these methods are not
without the risk of embolism caused by the dislodgement of
the blocking material which then moves downstream. In
addition, the size of the blocked vessel may limit percuta-
neous access to the vessel.

In coronary bypass surgery, a more costly and invasive
form of intervention, a section of a vein, usually the saphe-
nous vein taken from the leg, is used to form a connection
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between the aorta and the coronary artery distal to the
obstruction. Over lime, however, the saphenous vein graft
may itself become diseased, stenosed, or occluded, similar
to the bypassed vessel. Atherosclerotic plaque in saphenous
vein grafts tends to be more friable and less fibrocalcific than
its counterpart in native coronary arteries.

Diffusely diseased old saphenous vein grafts with friable
atherosclerotic lesions and thrombi have therefore been
associated with iatrogenic distal embolic dcbris. Balloon
dilatation of saphenous vein grafts is more likely to produce
symptomatic embolization than dilatation of thc coronary
arteries, not only because of the difference in the plaque but
also because vein grafts and their atheromatous plaques are
generally larger than the coronary arteries to which they are
anastomosed. Once the plaque and thrombi are dislodged
from the vein, they can move downstream, completely
blocking another portion of the coronary artery and causing
myocardial infarction. In fact, coronary embolization as a
complication of balloon angioplasty of saphenous vein
grafts is higher than that in balloon angioplasty of native
coronary arteries. Therefore, balloon angioplasty of vein
grafts is performed with the realization that involvement by
friable atherosclerosis is likely and that atheroembolization
represents a significant risk.

Because of these complications and high recurrence rates,
old diffuscly discascd saphenous vein grafts have been
considered contraindications for angioplasty and
atherectomy, scverely limiting the options for minimally
invasive treatment. However, some diffusely diseased or
occluded saphenous vein grafts may be associated with
acute ischemic syndromes, necessitating some form of inter-
vention.

There is therefore a need for improved methods of treat-
ment for occluded vessels such as saphenous vein grafis and
the smaller coronary arteries, the carotid and cercbral
arteries, which decrease the risks to the patient.

SUMMARY OF THE INVENTION

The present invention provides a novel method for remov-
ing plaque, thrombi, emboli and other types of obstructions
or occlusions from blood vessels having an inlet fluid
pressure of at least 0.2 psi at any time during the diastolic/
systolic cycle of the heart. Although the pressure within the
vessel may fall below 0.2 psi during relaxation between
heartbeats, so long as the pressure created by the heartbeat
rises lo at least 0.2 psi, the pressure within the vessel will be
sufficient. The method preferably includes the use of an
occlusive device such as a balloon or filter to occlude the
vessel distal to the obstruction, an optional therapy catheter
to treat the obstruction, and a source of aspiration to remove
the debris crealed by the therapy. By utilizing the fluid
pressure and flow within the blood vessel, this method
climinates the need for a separatc irrigation cathcter and
irrigation fluid. The present invention allows for the removal
of occlusions more rapidly than known methods. Speed is
essential in such procedures, since blood flow is signifi-
cantly decrcased or stopped during the time the vessel 1s
occluded. The speed with which normal blood fow is
restored is more critical in main vessels which supply blood
to collateral vessels. The method of the present invention
allows for the removal of occlusions from saphenous vein
grafts, coronary arteries, arteries above the aortic arch such
as the carotid and cerebral arteries, and blood vessels of
similar pressure. The minimally invasive treatment can be
provided at low cost and at relatively low risk to the patient.

In accordance with one aspect of the present invention,
there is provided a method for the treatment of a stenosis or
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an occlusion in a blood vessel baving a fluid pressure of at
least about 0.2 psi. The blood vessel can be a saphenous vein
graft, a coronary artery, a blood vessel above the aortic arch,
or any other vessel with a fluid flow rate of at least about 10
cc per minute (prior to occlusion of the vessel using an
occlusive device as described below), and more preferably,
about 60 to 80 cc per minute, or about 120 to 140 cc per
minute. This flow rate is needed to provide adequate irriga-
tion fluid, which allows for substantially complete aspiration
of the area surrounding the occlusion in a very short period
of time. Using this combination of irrigation provided from
the blood flow into the vessel and aspiration, it has been
found that aspiration of debris and fluid within the working
area can occur in less than 3 seconds, but can also continue
for 10 to 20 seconds or longer, until the procedure is
completed. Thus, the physician can quickly and efficiently
clear the debris from the area and restore normal blood flow
through the vessel.

One aspect of the method comprises first inserting a
catheter or guidewire having an occlusive device at its distal
end into the blood vessel, until it is distal to the stenosis or
occlusion. It is to be understood that the stenosis or occlu-
sion could be in a discrete location or diffused within the
vessel. Therefore, although placement of the occlusive
device is said to be distal 1o the stenosis or occlusion to be
treated, portions of the diffuse stenosis or occlusion may
remain distal to the occlusive device.

Once in place, the occlusive device is activated to sub-
stantially or completely occlude the vessel distal to the
existing stenosis or occlusion and to create a working area
surrounding the stenosis or occlusion. A therapy catheter is
then inserted into the blood vessel until it reaches the
stenosis or occlusion, and a desired therapy is performed on
the stenosis or occlusion. The fluid inlet pressure within the
vessel prevents any particles produced during therapy from
flowing against the pressure and out of the working area,
thus localizing the particles for aspiration. The therapy
catheter is removed, and the distal end of an aspiration
catheter or other device which creates an area of turbulence
and uses negative pressure to aspirate fluid and debris is
delivered into the vessel with the preferred placement being
at the working area in a position just proximal to the
occlusive device. Fluid is aspirated from the working area
inside the vessel preferably proximal to the occlusive device
to remove debris, while the fluid pressure within the vessel
provides irrigation fluid within the working area. This aspi-
ration creates a fluid flow within the working area, and
provides a flow of irrigation fluid into the area. It is this
combination of irrigation and aspiration that allows for very
fast and efficient removal of debrs. Once aspiration is
complele, the aspiration catheter or similar device is
removed and the occlusive device deactivated. Finally, the
catheter or guidewire is removed from the vessel as well.

The insertion can include the act of inserting the proximal
end of the guidewire into the hollow lumen inside the
aspiration catheter and advancing the aspiration catheter
over the guidewire. This is commonly known as “over-the-
wire” insertion. Allernatively, the proximal end of the
guidewire can be inserted into a separate guidewire lumen
on the aspiration catheter. Only a short portion of the
aspiration catheter, as little as 5 cm, rides over the guidewire
as the catheler is advanced. This is known as a single
operator syslem, since, unlike the over-the-wire systems, a
second operator is nol required to hold the long guidewire
while the catheter is inserted into the patient; a single user
alone can deliver the catheter over the guidewire in this
system.
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The distal end of the aspiration catheter or similar device
should be slidably inserted into the vessel, across the occlu-
sion and preferably as close to the proximal side of the
occlusive device as possible. Thereafter, aspiration is begun
and the aspiration catheter should be pulled back by the
operalor, such that the distal tip slides proximal to the
occlusion and the occlusive device. Thus, while the distal tip
of the aspiration catheter is preferably initially at a position
distal to the occlusion and no more than about 5 cm proximal
to the occlusive device, or preferably no more than about 2
cm proximal to the occlusive device, the operator then slides
the aspiration catheter back during aspiration, crossing the
occlusion and increasing the distance between the distal tip
and the occlusive device. Aspiration can therefore occur
anywhere between about 0 to 20 cm proximal to the occlu-
sive device. Alternatively, the distal tip of the aspiration
catheler may be inilially positioned proximal lo the occlu-
sion and the occlusive device. Aspiration is begun, and the
tip is moved in a distal direction, across the occlusion and
immediately adjacent the occlusive device. The tip is then
moved in a proximal direction, back across the occlusion.
This distal and proximal movement of the catheter tip during
aspiration ensures the complete removal of particles and
debris from the patient.

The irrigation fluid supplied by the proximal portion of
the blood vessel will move any particles or debris from a
position proximal to the distal end of the aspiration catheter,
thus allowing them to be aspirated. If a particle, however, is
loo far distal to the tip of the aspiration catheter, the
irrigation fluid will tend to keep it there and not allow it to
be aspirated from the vessel. The tip of the aspiration
catheter can therefore be slidably advanced in a distal
direction more than once il desired, to ensure complete
removal of debris. Once aspiration has begun, addilional
blood will low into the area, creating turbulence and also
allowing for the removal of debris.

If desired, a guide catheter can first be inserted into the
patient’s body to aid in the insertion of the guidewire and
catheters. The guide catheter can be used to provide aspi-
ration in place of the aspiration catheter if desired. The guide
catheter is then removed following completion of the pro-
cedure.

In accordance with another aspect of the present
invention, there is provided a method for the treatment of a
stenosis or an occlusion in a blood vessel having a fluid
pressure of at least about 0.2 psi, and a fluid flow rate of at
least about 10 cc per minute (when not occluded using an
occlusive device as described), and more preferably, about
60 to 80 cc per minute, or 120-140 cc per minute. The
method comprises the steps of inserting a guidewire or
catheter having an occlusive device on its distal end into the
blood vessel, until the occlusive device is distal to the
stenosis or occlusion. The occlusive device is activated to
substantially occlude the vessel distal to the existing stenosis
or occlusion and create a working area surrounding the
stenosis or occlusion. A therapy cathelter is then inserted into
the lumen of an aspiration catheter or similar device, and the
therapy catheter and the aspiration catheter are simulta-
neously delivered into the blood vessel until they reach the
stenosis or occlusion. Therapy is performed to eliminate the
occlusion, and the fluid pressure within the vessel acts to
prevent any particles produced during therapy from flowing
against the pressure and out of the working area. When
therapy is complete, the therapy catheter is removed while
the aspiration catheter remains, and fluid inside the working
area is aspirated lo remove the particles while the fluid
pressure provides irrigation fluid within the working area.
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When aspiration is complete, the aspiration catheter or
similar device is removed and the occlusive device is
deactivated. The guidewire or catheter is also then removed.

In accordance with yet another aspect of the present
invention, there is provided a method for the treatment of a
stenosis or an occlusion in a blood vessel having a fluid
pressure of at least about 0.2 psi, and a fluid flow rate of at
least about 10 cc per minute (prior to occlusion using an
occlusive device). The method comprises inserting an occlu-
sive device into the vessel until the occlusive device is distal
to the stenosis or occlusion. The device can be attached to
the distal end of a catheter or guidewire. The device is
actuated to occlude the vessels distal to the existing stenosis
or occlusion and create a working area surrounding the
stenosis or occlusion. The fluid pressure within the vessel
prevents any particles dislodged during insertion of the
guidewire or catheter from flowing against the pressure and
out of the working area. The distal end of an aspiration
catheter or similar device is inserted to a position just
proximal to the occlusive device, and fluid from the working
area inside the vessel just proximal the occlusive device is
aspirated. This will remove the stenosis or occlusion and any
{ree particles while the fuid pressure provides irrigation
fluid within the area. When aspiration is complete, the
aspiration catheter is removed and the occlusive device
deactivated. The guidewire or catheter is then removed.

Another aspect of the present invention involves the use
of an expandable device, such as an inflatable balloon, to
inhibit the migration of emboli or other particles in a
proximal lo distal direction within the vessel. This can be
done by at least partially occluding the vessel at a site distal
to the emboli or other occlusion. Again, although placement
of the expandable device is said to be distal to the emboli or
other occlusion to be (realed, in the case of a diffuse
occlusion, outlying portions of the occlusion may remain
distal to the device.

The fluid pressure within the vessel prevents emboli or
other particles from migrating in a distal to proximal direc-
tion. If desired, a therapy catheter may be used to perform
therapy on the vessel at the site of the emboli or occlusion.
The therapy catheter may be removed, and a catheter, such
as an aspiration catheter, having a lumen in fluid commu-
nication with a distal opening in the catheter is advanced
across the site of the emboli or occlusion such that the
opening is distal to at least a portion of the emboli or
occlusion. Fluid is then drawn through the distal opening in
the catheter lo remove the emboli, occlusion or debris. By
drawing fluid into the opening, a fluid flow is created in the
lumen of the catheter in a distal to proximal direction, while
sirnultaneously, fluid [lows in a proximal to distal direction
in the vessel.

In accordance with yet another aspect of the invention,
there is provided a method for the evacuation of emboli from
a blood vessel. A catheter having a lumen in fluid commu-
nication with a distal opening in the catheter is positioned
such that the opening is distal to at least a portion of an
occlusive substance, such as emboli, within the blood vessel.
Fluid is then drawn from the vessel into the distal opening
such that the emboli are carried from the vessel into the
distal opening and through the lumen of the catheter. The
fluid intake preferably simultaneously creates a fluid flow in
the lumen in a distal to proximal direction, and in the vessel
in a proximal to distal direction. During the fAuid intake
through the catheter, the distal opening in the catheter is
preferably moved from a position distal 1o the occlusive
substance, to a position proximal to the occlusive substance,
lo a position dislal to the occlusive subslance to ensure
complete removal of particles.

10

20

25

30

35

40

45

50

55

60

65

6

Accordingly, the present invention provides for very fast
and efficient aspiration of an area surrounding an occlusion
in a blood vessel. The patient’s own blood provides the
irrigation fluid, thereby eliminating the need for a separate
irrigation catheter and supply of irrigation fluid. By reducing
the number of devices needed to be inserted into the patient,
the present invention reduces the amount of time required to
complete the procedure, and allows the physician to restore
normal blood flow in the vessel in a very short period of
time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a human heart showing a
saphenous vein graft used to bypass a portion of the coro-
nary arteries.

FIG. 2 is a side view of an over-the-wire aspiration
catheter in accordance with the present invention.

FIG. 3 is a cross section of the aspiration catheter of FIG.
2, taken along line 3—3 in FIG. 2.

FIG. 4 is a cross section of the aspiration catheter of FIG.
2 showing a gnide wire over which the aspiration catheter
rides.

FIG. 5 is a side view of a single operator type aspiration
catheter in accordance with the present invention.

FIG. 6 is a cross section of the proximal end of the
aspiration catheter of FIG. 5, taken along line 6—6 of FIG.
5.

FIG. 7A is a cross section of the distal end of the
aspiration catheter of FIG. 5, taken along line 7—7 of FIG.
Sillustrating a guidewire positioned in the guidewire lumen.

FIG. 7B is a cross-section of an alternate embodiment of
the proximal end of the aspiration catheter of FIG. 5,
showing a slit in the outside wall of the guidewire lumen that
facilitates removal of the guidewire.

FIGS. 8A~C are side views of the various embodiments
of the distal end of the aspiration catheter of the present
invention.

FIG. 9 is a perspective view of an over-the-wire aspiration
catheter and guidewire inserted into a saphenous vein graft
in accordance with the present invention, with the vein graft
shown partially cut away.

FIG. 10 is a schematic view of a catheter apparatus for use
in the method of the present invention;

FIG. 11 is a schematic cross-sectional view of a distal
portion of the catheter apparatus shown in FIG. 10.

FIG. 12 is a perspective view of an over-the-wire aspi-
ration catheter and a guidewire bearing an occlusive filter
inserted into a saphenous vein graft, with the vein graft
shown partially cut away.

FIG. 13 is a perspective view of a therapy catheter
delivering a drug and a guidewire having on occlusive
device inserted into a saphenous vein graft, with the vein
graft shown partially cut away.

FIGS. 14A-D show a perspective view of the movement
of an over-the-wire aspiration catheter during aspiration in a
saphenous vein graft, with the vein graft shown partially cut
away.

FIGS. 15A-B illustrate the positioning of the occlusive
device distal to the occlusion in branching and non-
branching blood vessels.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT
The present invention provides an improved method for
aspirating emboli, plaque, thrombi or other occlusions from
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a blood vessel. A preferred embodiment of the present
invention is adapted for use in the treatment of a stenosis or
an occlusion in a blood vessel in which the stenosis or
occlusion has a length and a width or thickness which at
least partially occludes the vessel’s lumen. Thus, the method
is effective in treating both partial and complete occlusions
of the blood vessels. It is to be understood that “occlusion”
as used herein, includes both complete and partial
occlusions, stenoses, emboli, thrombi, plaque, and any other
substance which at least partially occludes the lumen of the
blood vessel.

The method of the present invention can be used to
provide aspiration without the need for a separate irrigation
catheter and imrigation fuid. In the coniext of removing
plaque, thrombi or other blockages from blood vessels, it has
heretofore been proposed that an isolated “chamber” sur-
rounding the occlusion be created prior to attempling
ireatment, and that separate irrigation fluid be provided
through an irrigation catheter to the chamber. It has been
surprisingly discovered that isolation of the occlusion is not
required, and that the occlusion can be successfully removed
without the need for delivery of a separate irrigation catheter
and irrigation fluid in those vessels where certain pressure
and fluid flow conditions exist, such as saphenous vein
grafis, coronary arterics, carotid arteries and other vessels.

In non-bifurcated areas of the blood vessels, it has been
discovered that fluid from the collateral vessels or from the
proximal portion of the same vessel acts as an infusion
source. One can therefore occlude only the distal portion of
the vessel to create a working area surrounding the occlusion
and allow blood to flow from the proximal portion of the
vessel into the working area. The area surrounding the
occlusion is aspirated through the guiding catheter or aspi-
ration catheter, It should be noted that, as used herein,
“proximal” refers to the portion of the apparatus closest to
the end which remains outside the patient’s body, and
“distal” refers to the portion closest to the end inserted into
the patient’s body.

The aspiration method is adapted for use in vessels in
which no bifurcation or branching occurs for a distance of
approximately 2—10 cm past the site of the occlusion. Such
a vessel 80 with an occlusion 82 is illustrated in FIG. 15A.
This distance allows the vessel 80 to be occluded using an
occlusive device 84 without the risk of any particles being
carried downstream by the blood flow, where they could
causc further damage (as illustrated by the arrow in FIG.
15B). There are exceptions, however, for example, the
internal and cxternal carotid arterics. Here, the common
carotid artery bifurcates into the internal and cxternal carotid
arteries. It is possible to occlude the internal carotid artery
only and allow particles to be carried away through the
cxternal carotid artery, since it is widely accepted that these
particles can be carried safely away and will cause no
damage downstream.

The aspiration method can be used in any vessel of the
body where the pressure is at least 0.2 psi at any time during
the diastolic/systolic cycle of the heart, and preferably, is
about 1.2 psi, with a flow rate of at least 10 cc per minute.
Thus, although the pressure within the vessel may fall below
0.2 psi during relaxation between heartbeats, so long as the
pressure created by the heartbeat rises to at least 0.2 psi, the
pressure within the vessel will be sufficient.

A preferred embodiment of the method of the present
invention is particularly suited for use in removal of occlu-
sions [rom saphenous vein grafls, coronary and carotid
arteries, and vessels having similar pressures and flow where
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a suitable working area can be created. A saphenous vein
graft is depicted in FIG. 1. The graft 2 is used to bypass one
of the occluded coronary arteries 4, and connects the aorta
6 to the coronary artery at a location distal the occlusion 8.
Although the present invention will be described in connec-
tion with a saphenous vein graft, it should be understood that
this application is merely exemplary, and the method can be
used in other blood vessels as well.

Apparatus Used

In a preferred embodiment of the method of the present
invention, a guide catheter having a single lumen is first
introduced into the patient’s vasculature through an incision
made in the femoral artery in the groin and used to guide the
insertion of other catheters and devices to the desired site.
Following insertion of the guide catheter, an occlusive
device is delivered to a position distal the occlusion. For
example, a second catheter having an expandable device
(reference numbers 51 and 52, FIGS. 9 and 12), such as an
inflatable balloon, filter, expandable braid or other mechani-
cal occlusive device, attached at its distal end is inserted
through the guide catheter and past the site of the occlusion
(illustrated in FIGS. 9 and 12). The expandable occlusive
device should be capable of preventing the migration of
particles and debris from the working area, either through
total or partial occlusion of the vessel. Note that the occlu-
sion of the vessel need nol be complete. Substantial occlu-
sion of the vessel can be sufficient for purposes of the
present invention. The catheter should be sized so as to be
slidable with respect to the therapy and aspiration catheters
inserted over the catheter. The catheter is preferably made of
metal such as stainless sieel or nitinol, plastics, or compos-
ites. A guidewire having an occlusive device on its distal end
is also suitable for use in the present method. The method
can be cffectively carried out using a number of guidcwires
or catheters that perform the function of occluding the vessel
and allowing for the slidable insertion of various other
catheters and devices. The term “catheter” as used herein is
thercfore intended 1o include both guidewires and catheters
with these desired characteristics.

A preferred catheter for use to occlude the vessel is
illustrated in FIGS. 10 and 11. The catheter apparatus 110 is
generally comprised of four communicating members
including an elongated tubular member 114, an inflatable
balloon member 116, a core-wire member 120 and a coil
member 122. The catheter apparatus 110 is preferably pro-
vided with an outer coating of a lubricous material, such as
TEFLON.

The body member 114 of the catheter apparatus 110 is in
the form of hypotubing and is provided with proximal and
distal ends 114A and 114B as well as an inner lumen 115
extending along the tubular member 114. The balloon mem-
ber 116 is coaxially mounted on the distal end 114B of the
tubular member 114 by suitable adhesives 119 at a proximal
end 116A and a distal end 116B of the balloon member 116
as in the manner shown in FIG. 11. The core-wire member
120 of the catheter 110 may be comprised of a flexible wire
120. The flexible wire 120 is joined by soldering or brazing
at a proximal end 120A of the flexible wire 120 to the distal
end 114B of the tubular member 114 as in the manner show
in FIG. 11.

Preferably, the proximal end 120A of the flexible wire 120
has a transverse cross sectional area substantially less than
the smallest transverse cross-seclional arca of the inner
lumen 115 of the tubular member 114. In the prelerred
embodiment, the flexible wire 120 tapers in the distal end
120B to smaller diameters lo provide greater flexibility to
the flexible wire 120. However, the flexible wire may be in
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the form of a solid rod or a helical coil or wire or combi-
nations thereof.

As shown in FIG. 11, the distal end 120B of the flexible
wire 120 is secured to a rounded plug 118 of solder or braze
at the distal end 122B of the coil member 122. The coil
member 122 of the catheter 110 may be comprised of a
helical coil 122. The coil member 122 is coaxially disposed
about the flexible wire 120, and is secured to the flexible
wire 120 by soldering or brazing at about the proximal end
120A of the flexible wire 120 as in the manner shown in FIG.
11.

The balloon member 116 is preferably a compliant bal-
loon formed of a suitable elastic material such as a latex or
the like. The flexible coil 122 is preferably formed of a wire
of platinum based alloys. The flexible core-wire 120 and the
tubular member 114 are preferably formed of a nickel-
titanium alloy.

Alternatively, the occlusion catheter can be configured so
as to allow for aspiration through the catheter, thus elimi-
nating the need for a separate aspiration catheter. In this
embodiment, the catheter has a long hollow shaft, having an
outer diameter of less than about 0.038", and preferably
about 0.025" to about 0.035". The inner diameter or lumen
of the shafl is about 0.020" to about 0.030". Aspiration
occurs through the inner diameter of the catheter. The
catheter has an occlusive device attached to its distal end.
The occlusive device is preferably a mechanical device such
as a sell-expanding braid or coil which acts as a filter,
preventing particles from moving downstream. The catheter
shafl further comprises af least one opening, and preferably
several openings, located just proximal to the occlusive
device, which allow for aspiration. The proximal end of the
catheter is adapted to allow a source of negative pressure to
be attached, such that it is in fluid communication with the
inner lumen.

Once the guiding catheter and catheter have been properly
positioned inside the vessel, the occlusive device at the distal
cnd of the catheter is actuated to occlude the vessel distal to
the existing occlusion. A therapy catheter then is delivered
to the site of the occlusion. The term “therapy catheter” is
meant to include any of a number of known devices used to
treat an occluded vessel. For example, a catheter carrying an
inflatable balloon for use in balloon angioplasty can be
delivered to dilate the occlusion. Thermal balloon angio-
plasty includes the use of heat to “mold” the vessel to the
size and shape of the angioplasty balloon. Similarly, an
intravascular stent can be delivered via a balloon catheter
and deployed at the site of the occlusion to keep the vessel
open. Cutting, shaving, scraping or pulverizing devices can
be delivered to excise the occlusion in a procedure known as
atherectomy. A laser or ultrasound device can also be
delivered and used to ablate plaque in the vessel. Various
thrombolytic or other types of drugs can be delivered locally
in high concentrations to the site of the occlusion. It is also
possible to deliver various chemical substances or enzymes
via a catheter to the site of the stenosis to dissolve the
obstruction. The term “therapy catheter” encompasses these
and similar devices.

After the therapy has been performed and the occlusion
has been removed using any of the methods and apparatus
described above, the area is aspirated to remove fluid and
debris. Aspiration can be provided through the guide cath-
eler if desired. A source of negative pressure is altached at
the proximal end of the guide catheter, and fluid and debris
are aspirated through the guide catheter’s main lumen.
Alternatively, an aspiration catheter or similar debris remov-
ing device is used to remove particles and any other debris.
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The term “aspiration catheter” includes any device which
creates an arca of fluid turbulence and uses negative pressure
to aspirate fluid and debris, and includes thrombectomy
catheters, rheolitic devices and those devices which create a
venturi effect within the vessel. Thus, it is possible that a
single catheter is used as both the therapy catheter and the
aspiration catheter. It should be noted that any particles
which break free during therapy and aspiration procedures
will be kept at the site of the procedure by the occlusive
device occluding the distal portion of the vessel in combi-
nation with the fluid pressure coming from the proximal
portion of the vessel. The debris is prevented from migrating
elsewhere, and remains localized for removal by aspiration.

An aspiration catheter particularly suited for use in the
method described is illustrated in FIG. 2. The catheter 10
includes an adaptor 14 and a seal 16 at its proximal end. The
catheter 10 further includes an aspiration port 18 to which a
source of negative pressure is attached. The aspiration
catheter further comprises a long hollow shaft 20 having a
distal end 22. The distal tip 22 can include a radiopaque
marker to aid in locating the tip 22 during insertion into the
patient, and is preferably soft lo prevent damage (0 the
patient’s vasculature.

The aspiration catheter illustrated in FIG. 2 is an over-
the-wire catheter. As seen in FIG. 3, the catheter shaft 20 is
hollow. During insertion of the aspiration catheter 10, the
proximal end of a guidewire 26 is inserted into the distal end
of the aspiration catheter 22, and the aspiration calheter 10
is slidably advanced over the guidewire 26, which is posi-
tioned inside the hollow lumen 24 of the aspiration calheter
10. The position of the guidewire 26 relative to the shaft 20
of the aspiration catheter 10 is illustrated in FIG. 4, but of
course can vary. For this type of aspiration catheter 10, a
very long guidewire 26, generally around 300 cm in length,
is used to facilitate the insertion of the aspiration catheter 10
over the guidewirc 26.

Alternatively, the aspiration catheter 30 can be of a single
operator design, as illustrated in FIGS. 5-7. The catheter 30
has an adaptor 32 and an aspiration port 34 at its proximal
end. Like the over-the-wire aspiration catheter 10, the single
operator aspiration catheter 30 further comprises a long
hollow shaft 36 having a distal end 38. The distal tip 38 can
include a radiopaque marker to aid in locating the tip 38
during insertion into the patient, and is preferably soft to
prevent damage to the patient’s vasculature. At the distal end
of the shaft 38, a guidewire lumen 40 is attached. This lumen
40 provides a separate lumen, apart from the main aspiration
lumen 42 of the catheter 30, for the insertion of the
guidewire 26. This guidewire lumen can be as short as 5 cm.
As illustrated in FIG. 7A, during delivery of the aspiration
catheter 30, the proximal end of the guidewire 26 is inserted
into the distal end of the guidewire lumen 40, and the
guidewire lumen 40 is slidably advanced over the guidewire
26. Unlike the over-the-wire catheter 10 described above,
only a short segment of the single operator aspiration
catheter 30 rides over the guidewire 26, and the guidewire
26 remains in the guidewire lumen 40 and does not enter the
aspiration lumen 42 of the aspiration catheter 30. With the
single operator system 30, the long guidewire 26 used with
Lhe over-the-wire catheter 10, and the extra operator needed
to handle it, are not required.

Although the guidewire lumen 40 is shown in FIG. 5 as
being localed only on the distal end 38 of the shafl of the
aspiration catheter 36, the lumen 40 can also be made to
extend the entire length of the shaft 36 if desired. In both
embodiments, the aspiration lumen 42 is advantageously left
completely unobstructed to provide more efficient aspira-
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tion. The guidewire lumen 40 can also include a slit in the
outside wall of the lumen to facilitate faster and easier
insertion and removal of the guidewire 26 through the side
wall of the lumen, as shown in FIG. 7B.

In another embodiment not shown, the aspiration catheter
can be configured such that the therapy catheter can be
inserted through the lumen of the aspiration catheter. The
aspiration lumen is made large enough to accommodate the
desired therapy catheter. This allows the aspiration catheter
and the therapy catheter to be delivered into the patient at the
same time. When therapy is complete, the therapy catheter
is removed while the aspiration catheter remains in place.
This eliminates the need to separately deliver the aspiration
catheter after removal of the therapy catheter, saving valu-
able time. It is preferable that the size of the guide catheter
used during this type of procedure be sized from at least 8
10 about 10 French (o accommodate the size of the “over-
the-therapy-catheter” aspiration catheter.

In yet another embodiment, also not shown, the therapy
catheter can be built over the aspiration catheter. For
example, a dual-lumen catheter having a dilatation balloon
at its distal end can be used. One lumen is used to inflate the
dilatation balloon to be used for angioplasty, while the
second lumen is used for aspiration. This design allows a
single combined aspiration catheter and therapy catheter to
be delivered into the patient. When therapy is complete,
aspiration is carried out without the need to first remove the
therapy catheter.

In the embodiment where the occlusion catheter is
adapted to allow aspiration therethrough, no separate aspi-
ration catheter is required. Once the occlusive device on the
catheter is positioned distal to the occlusion, the occlusive
device is activated to at least partially occlude the vessel. A
therapy catheter is delivered and therapy performed on the
occlusion. Once therapy is complete, a source of negative
pressure is provided at the proximal end of the occlusion
catheter, and aspiration occurs through the openings at the
distal end of the catheter, just proximal to the occlusive
device. Aspiration is therefore accomplished without the
need for a separate aspiration catheter, or removal of the
therapy catheter.

FIGS. 8A, 8B, and 8C illustrate various embodiments of
the distal end of the aspiration catheter. FIG. 8A shows the
preferred tip 44, wherein the end has been angled. This tip
44 is also shown in FIG. 5. This angled tip 44 maximizes the
area of aspiration. The distal tip of the aspiration catheter can
also be blunt 45, as shown in FIG. 8B, or can be tapered 46,
with holes along the tip 47 to provide for aspiration, as
illustrated in FIGS. 8C and 2.

Additional details relative to the catheters described
above and their use are found in copending applications Ser.

Nos. 08/812,876, filed Mar. 6, 1997, entitled “Hollow Medi- 3

cal Wires and Methods of Constructing Same”, application
Ser. No. 08/858,900, filed May 19, 1997, entitled “Catheter
for Emboli Containment System”, applications Ser. Nos.
09/026,013 and 09/026,225, filed Feb. 19, 1998, entitled
“Aspiration System and Method” and “Balloon Catheter and
Method of Manufacture”, applications Ser. Nos. 09/025,991
and 09/026,106, also filed Feb. 19, 1998, entitled “Syringe
and Method for Inflating Low Volume Catheter Balloons”
and “Occlusion of a Vessel”, application Ser. No. 08/975,
723, filed Nov. 20, 1997, entitled “Low Profile Catheter
Valve and Inflation Adaptor”, and application Ser. No.
09/049,712, entitled “Exchange Method for Emboli
Containment”, all of which are hereby incorporaled by
reference in their entirety.

Use of the devices just described will now be explained in
connection with the preferred embodiment of the method of
the present invention.
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Method

The method of the present invention as uscd to remove
plague and any associated thrombi from a saphenous vein
graft is described below in connection with FIG. 9. Again,
it should be noted that this application is merely exemplary,
and that the method of the present invention can be used in
other blood vessels and to remove other types of occlusions
as well.

A guide catheter (not shown) is introduced into the
patient’s vasculature through an incision in the femoral
artery in the groin of the patient. The guide catheter has a
single large lumen, and is used to guide the insertion of other
catheters and devices. The guide catheter is advanced until
it reaches the aorta and the ostium of the vein graft, where
it will remain in place throughout the procedure. Fluoros-
copy is typically used to guide the guide catheter and other
devices to the desired location within the patient. The
devices are frequently marked with radiopaque markings to
facilitate visualization of the insertion and positioning of the
devices within the patient’s vasculature. It should be noted
that at this point, blood is flowing through the vessel in a
proximal to distal direction.

Next, an occlusive device is delivered to a site distal the
occlusion. For example, a catheter or guidewire S0 having
an occlusive device at its distal end is delivered through the
guide catheler into the saphenous vein graft 5 and past the
site of the occlusion 56. In this example, the occlusive
device is an inflatable balloon 52. The balloon 52 is inflated
to occlude the vein graft 5 at a site distal to the occlusion 56
1o creale a working area surrounding the occlusion. By
“working area” is meant an area extending from the occlu-
sive device in a proximal direction for a distance up to about
20 cm. The blood coming from the aorta enters the saphe-
nous vein graft § and keeps any particles 58 dislodged
during the procedure from flowing proximally. In addition,
the blood pressure and flow coming from the aorta provides
the irrigation necessary for aspiration. As noted above, the
blood pressure in the vessel is preferably at least about 0.2
psi, and the flow rate is at least about 10 cc per minute at
some point during the diastolic/systolic cycle of the heart.

Once the vein 5 is occluded, a therapy catheter 150, as
illustrated in FIG. 13, is delivered, if desired. The therapy
catheter can be any of a number of devices, including a
balloon catheter used to perform angioplasty, a catheter
which delivers a stent, a catheter for delivering enzymes,
chemicals, or drugs to dissolve and treat the occlusion (as
illustrated in FIG. 13), an atherectomy device, or a laser or
ultrasound device used 1o ablate the occlusion. Alternatively,
the therapy catheter can be eliminated and use of the guide
catheter or a separate aspiration catheter alone can be used
to aspirate the occlusion. This method is especially useful to
remove emboli from the coronary arteries following acute
myocardial infarction, because the aspiration catheter can be
made small enough to enter the coronary arteries.

Once the desired therapy is performed, the therapy cath-
eter is withdrawn from the patient’s body and an aspiration
catheter 60 is delivered over the guidewire 50 and through
the guiding catheler. The aspiration catheter 60 rides over
the guidewire 50 with the guidewire 50 inserted through the
aspiration lumen 62 of the catheter 60. Alternatively, a single
operator type aspiration catheter can be used, in which only
a portion of the aspiration catheter rides over the guidewire,
which is inserted into a separate guidewire lumen. FIG. 9
illustrates the Lreatment site during delivery of the over-the-
wire aspiration catheter 60 into the saphenous vein graft 5.

The lreatment site during the aspiration procedure is
illustrated in FIGS. 14A-D. The distal tip of the aspiration
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catheter 64 crosses the site of the occlusion 56 and is initially
positioned distal to the occlusion 56 and as close to the
occlusive balloon 52 as possible, preferably less than about
5 cm, and more preferably less than about 2 cm, from the
proximal side of the balloon 52 (FIG. 14A). Thus, in one
embodiment, the distal tip of the aspiration catheter 64 is
initially positioned immediately adjacent the occlusive bal-
loon 52. Aspiration is begun, and the operator moves the
aspiration catheter in a proximal direction, crossing the site
of the occlusion 56 and increasing the distance between the
distal tip 64 of the catheter and the occlusive balloon 52
(FIGS. 14B and 14C). During aspiration, the distal tip of the
aspiration catheter 64 moves in a direction proximal to the
balloon 52, crossing the occlusion 56, and continuing in a
proximal direction for a distance that is preferably at least 1
cm proximal to the site of the occlusion 56. The distal tip of
the aspiration catheter 64 may continue to be moved in a
proximal direction away from the occlusion 56 for up to 10
cm or more, or until the tip 64 reaches the guide catheter.
Aspiratijon can therefore occur anywhere between about 0 to
20 cm proximal to the occlusive device 52. During
aspiration, the flow of fluid within the vessel is in a proximal
to distal direction, while fluid flow within the lumen of the
catheter is in a distal to proximal direction. I desired, the
distal tip of the aspiration catheter 64 is then again advanced
across the occlusion 56 in the distal direction until it is again
just immediately adjacent to the occlusive balloon 52 (FIG.
14D). This movement of the tip of the aspiration catheter 64
in a proximal and distal direction can be repeated more than
once Lo ensure complete aspiration of all debris.

In an alternate embodiment, the distal tip of the catheter
64 is initially positioned proximal to the occlusion 56,
preferably at least 1 c¢m proximal to the occlusion 56.
Aspiration is begun, and the distal tip of the catheter 64 is
advanced in a distal direction across the occlusion 56 until
the tip 64 is positioned immediately adjacent to the occlu-
sive balloon 52. The tip of the catheter 64 is then moved in
a proximal direction, back across the occlusion 56.
Preferably, the tip of the catheter 64 continues in a proximal
direction for a distance that is preferably at least 1 cm
proximal to the site of the occlusion 56. As described above,
the distal tip of the aspiration catheter 64 can continue to be
moved in a proximal direction away from the occlusion 56
for up to 10 cm or more, or until the tip 64 reaches the guide
catheter. This movement of the tip of the catheter 64 in a
distal and proximal direction can be repeated as often as
desired to ensure complete removal of particles and debris.

The blood flow supplied by the aorta will move any
particles 58 from a position proximal to the distal tip of the
aspiration catheter 64, thus allowing them to be aspirated, as
illustrated by the arrows in FIG. 9. If a particle, however, is
too far distal to the tip of the aspiration catheter 64 (for
example, more than about 2 cm), the blood pressure will
keep it there and not allow it to aspirated from the vessel 5.
The aspiration pressure can be increased, but not without the
risk of severely damaging the vessel. Rather, this distal and
proximal movement of the aspiration catheter, including
placement of the tip immediately adjacent the occlusive
balloon, will allow the user to completely capture these
distal particles. In addition, once aspiration has begun,
additional blood will flow into the area adjacent and distal to
the tip of the aspiration catheter, creating turbulence and
allowing for the complete removal of debris.

A preferred source of negative pressure is any rigid
container containing a fixed vacuum, such as a syringe,
attached to the proximal end of the aspiration catheter at the
aspiration port 34 (see FIG. 5). A mechanical pump or bulb
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or any other appropriate source of negative pressure can also
be used. The difference between the existing pressure within
the vessel and the aspiration pressure within the vessel
should not exceed about 50 psi. As noted above, if too much
aspiration pressure is applied, the change in pressure in the
vessel will be too great and damage may occur (o the vessel
itself.

After the area inside the graft 5 is aspirated to remove any
particles 58 or other debris, the aspiration catheter 60 is
removed. The balloon 52 is deflated and the guidewire 50
and guiding catheter are removed.

As described above, the aspiration catheter can be sized
such that it can receive the therapy catheter within its lumen
or the therapy catheler can be buill over the aspiration
catheter. In either case, the aspiration catheter and the
therapy catheter are delivered over the guidewire and into
the vein graft together. When therapy is complete, the
therapy catheter can be removed if desired while the aspi-
ration catheter remains in place. When aspiration is
complele, the aspiration catheter, guidewire and guiding
catheter are removed from the patient’s body. Delivering the
aspiration catheter and therapy catheler together saves lime,
which is critical during these types of procedures.
Altcrnatively, the guide catheter can be used to provide
aspiration through its main lumen.

In yct another embodiment, aspiration takes placc through
the lumen of the occlusion catheter or guidewire. The
occlusive device on the catheter is positioned distal to the
occlusion, and the occlusive device is activated to at lcast
partially occlude the vessel. The therapy catheter is deliv-
ered and therapy performed. A source of negative pressure
is provided at the proximal end of the occlusion catheter, and
aspiration occurs through openings located at the distal end
of the catheter just proximal to the occlusive device. This
eliminates the need for a separate aspiration catheter, and the
need to remove the therapy catheter prior to aspiration.
Again, this saves time, which is critical during these types of
procedures.

While the foregoing detailed description has described
several embodiments of the apparatus and methods of the
present invention, it is to be understood that the above
description is illustrative only and not limiting of the dis-
closed invention. It will be appreciated that the specific
dimensions of the various catheters and guidewires can
differ from those described above, and that the methods
described can be used within any biological conduit within
the body and remain within the scope of the present inven-
tion. Thus, the invention is to be limited only by the claims
which follow.

What is claimed is:

1. A method of treatment of a blood vessel in which blood
fluid flows proximally to distally, said method comprising:

delivering an expandable device to form a barrier suffi-

cient to inhibit emboli suspended in said fluid from
migrating past the barrier in a proximal to distal direc-
tion;

preventing emboli from moving in a distal to proximal

direction by exposing said expandable device to blood
fluid pressurc within said vessel;

advancing a catheter having a lumen in fluid communi-

cation with a distal opening in the catheter, said advanc-
ing comprising moving said distal opening relative to
said expandable device within the blood vessel such
that said opening is distal to at leasl a portion of an
occlusive substance within said blood vessel, said
occlusive substance comprising said emboli suspended
in said fluid;
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drawing fluid from the vessel into the distal opening such
that (a) a fluid flow is created in the lumen in a distal
to proximal direction, and (b) said fluid flow is simul-
taneously created in said vessel in a proximal to distal
direction, whereby said emboli are carried by said fluid
flow from said vessel into said distal opening and
through said lumen of said catheter.

2. The method of claim 1, wherein the occlusive substance
additionally compriscs material on a wall of the vessel.

3. The method of claim 2, wherein said advancing com-
prises moving said distal opening such that said distal
opening is distal to at least some of the material on the wall
of the vessel.

4. The method of claim 1, further comprising moving the
distal opening in the catheter relative to the expandable
device during said drawing of fluid.

5. The method of claim 1, wherein said expandable device
is an occlusive device.

6. The method of claim 5, wherein said occlusive device
is an inflatable balloon.

7. The method of claim 1, further comprising advancing
a guide cathcter until a distal end of the guide catheter is
positioned proximal to the emboli, and wherein said catheter
is advanced through said guide catheter.

8. The method of claim 1, wherein said blood vessel
comprises a saphenous vein graft.

9. The method of claim 8, wherein said fluid pressure is
provided by blood from the aorta.

10. The method of claim 1, wherein said blood vessel
comprises a carotid artery.

11. The method of claim 1, wherein the emboli are located
in a segment of the blood vessel having substantially no side
branches.

12. A method for the evacuation of emboli from a blood
vessel comprising:

positioning a catheter having a lumen in fluid communi-

cation with a distal opening in the catheter such that
said opening is distal to at least a portion of an
occlusive substance within said blood vessel, said
occlusive substance comprising said emboli suspended
in fluid,

drawing fluid from the vessel into the distal opening such

that emboli are carried by said fluid flow from said
vessel into said distal opening and through said lumen
of said catheter; and

moving the distal opening in the catheter until it is

proximal to said occlusive substance during the draw-
ing of fluid into the distal opening.

13. The method of claim 12, wherein said drawing fluid
further comprises creating a fluid flow in the lumen in a
distal to proximal direction, and simultaneously creating
fluid flow in the vessel in a proximal to distal direction.

14. The method of claim 12, wherein the distal opening in
the catheter is positioned distal to at least a portion of the
occlusive substance more than once during the drawing of
fluid.

15. A method for the treatment of an occlusion in a blood
vessel having a fluid pressure of at least about 0.2 psi,
comprising:

inserting a first catheter having an occlusive device at its

distal end into said blood vessel, until said occlusive
device is distal to said occlusion;
activating said occlusive device to at least partially
occlude said vessel distal to said occlusion and create
a working area surrounding said occlusion;

advancing a therapy catheter into said blood vessel until
it reaches said occlusion;
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performing therapy on said occlusion;

utilizing fluid pressure within said vessel to inhibit par-
ticles produced during therapy from substantial migra-
tion in a direction proximal to said occlusion;

removing said therapy catheter;
creating a flow of fluid within said vessel in a proximal to
distal direction by aspirating fluid from said working
area inside the vesscl at a location proximal to the
occlusive device and distal Lo al least some of said
particles whereby said particles are removed from the
working area and said fluid pressure provides fluid to
replace fluid aspirated from the working area; and

deactivating said occlusive device and removing said
catheter.

16. The method of claim 15, further comprising, inserting
a distal end of a debris removal device into said working
area 1o a position just proximal to said occlusive deviee
following the removal of said therapy catheter and aspirating
fluid through said debris removal device.

17. The method of claim 16, wherein said debris removal
device comprises an aspiration catheter.

18. The method ol claim 17, wherein said first catheter
comprises a guidewire.

19. The method of claim 17, wherein said aspiration
catheter comprises a hollow lumen, and wherein said aspi-
ration catheler is delivered by inserting a proximal end of
said first catheter into said hollow lumen and slidably
advancing said aspiration catheter over said first catheter.

20. The method of claim 17, wherein said aspiration
catheter comprises a hollow lumen and a separate second
lumen for receiving said first catheter, and wherein said
aspiration catheter is delivered by inserting a proximal end
of said first catheter into said second lumen, and slidably
advancing said second lumen of said aspiration catheter over
said first catheter.

21. The mcthod of claim 17, wherein said distal end of
said aspiration catheter is inserted at lcast onc time to a
position no more than about 5 cm proximal to said occlusive
device and thereafter slidably withdrawn in a proximal
direction.

22. The method of claim 15 wherein said blood vessel is
selected from the group consisting of a saphenous vein graft,
a coronary artery, and a vessel above the aortic arch.

23. The method of claim 15, wherein said blood vessel has
a fluid flow rate of at least about 10 cc per minute.

24. The method of claim 15, wherein said blood vessel has
a fluid flow rate of from about 60 to about 80 cc per minute.

25. The method of claim 15, further comprising inserting
a guide catheter to aid in the insertion of said occlusive
device and said catheters.

26. The method of claim 25, wherein said guide catheter
is used for aspirating fluid from said working area.

27. The method of claim 15, wherein activating said
occlusive device results in the vessel being substantially
occluded.

28. The method of claim 15, wherein said occlusive
device is a balloon and said activating step comprises
inflating said balloon.

29. The method of claim 15, wherein said occlusive
device is a filter and said activating step comprises deploy-
ing said filter to preven! migration ol particles downstream.

30. The method of claim 15, wherein performing said
therapy comprises delivering a drug directly to the sile of
said occlusion.

31. The method of claim 15, wherein performing said
therapy comprises creating a venturi effect within said vessel
to aspirate said occlusion, and wherein the fluid aspiration
occurs simultaneously.
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32, The method of claim 15, wherein performing said
therapy comprises creating fluid turbulence within said
" vessel to aspirate said occlusion, and wherein the fluid
aspiration occurs simultaneously.

33. The method of claim 15, wherein said therapy catheter
is selected [rom the group consisting of a thrombectomy
catheter, a rheolitic device, and a device which creates a
venturi effect within the vessel, and wherein the therapy and
the fluid aspiration are performed simultancously.

34. The method of claim 15, wherein the fluid aspiration
is performed using said first catheter.

35. The method of claim 15, wherein said therapy catheter
is removed after the fluid is aspirated.

36. The method of claim 15, wherein said flow of fluid is
created across said occlusion in a proximal to distal direc-
tion.

37. The method of claim 36, wherein the emboli are
located in a segment of the blood vessel having substantially
no side branches.

38. The method of claim 16, further comprising moving
the distal end of the debris removal device within said
working area during aspiration.

39. A method for the treatment of an occlusion in a blood
vessel having a fluid pressure of al least aboul 0.2 psi,
comprising:

inserting a catheter having an occlusive device at its distal

end into said blood vessel, until said occlusive device
is distal to said occlusion;
activating said occlusive device to at least partially
occlude said vessel distal to said occlusion and create
a working area surrounding said occlusion;

simultaneously delivering a therapy catheter and a debris
removal device into said blood vessel until they reach
said occlusion;
performing therapy on said occlusion;
utilizing fluid pressure within said vessel to inhibit par-
ticles produced during therapy from substantial migra-
tion in a direction proximal to said occlusion;

creating a flow of fluid within said vessel across said
occlusion in a proximal to distal direction by aspirating
fluid from said working area inside the vessel at a
location proximal to the occlusive device, whereby said
particles are removed from the working area and said
fluid pressure provides fluid to replace fluid aspirated
from the working area; and

removing said therapy catheter;

removing said debris removal device; and

deactivating said occlusive device and removing said

catheter.

40. The method of claim 39, wherein said blood vessel has
a flow rate of at least about 10 cc per minute.

41. The method of claim 39, wherein said blood vessel has
a fluid flow rate of from about 60 to about 80 cc per minute.

42. The method of claim 39, wherein said catheter com-
prises a guidewire.

43. The method of claim 42, wherein at least a portion of
said debris removal device or said therapy catheter is
slidably advanced over said guidewire during said delivery.

44. The method of claim 39, wherein said debris removal
device comprises an aspiration catheter.

45. The method of claim 39, wherein at least a portion of
said debris removal device or said therapy catheter is
slidably advanced over said catheter during said delivery.

46. The method of claim 45, further comprising removing
said therapy catheter prior to said aspirating.

47. The method of claim 39, further comprising inserting
said therapy catheter into a lumen of said debris removal
device prior to said delivery.
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48. The method of claim 47, further comprising removing
said therapy cathetcr prior to aspirating fluid.

49. A method for the removal of an occlusion in a blood
vessel having a fluid pressure of at least about 0.2 psi,
comprising:

inserting a catheter having an occlusive device at its distal

end into said vessel, until said occlusive device is distal
to said occlusion;

activating said occlusive device to al least partially

occlude said vessel distal said occlusion and create a
working area surrounding said occlusion;

allowing said fluid pressure within said vessel 10 prevent

any particles dislodged during insertion of said catheter
from flowing against said pressurc and out of said
working area;

inserting a distal end of a debris removal device to a

position just proximal to said occlusive device;
aspirating fluid from said working area inside the vessel

just proximal to the occlusive device to aspirate said

occlusion and said particles while allowing said fluid

pressure to provide irrigation fluid within said area;
removing said debris removal device; and

deactivating said occlusive device and removing said

catheter.

50. The method of claim 49, wherein said distal end of
said debris removal device is inserted at least one time to a
position no morc than about 5 cm proximal said occlusive
device.

51. A method for the treatment of an occlusion in a blood
vessel having a fluid pressure of at least about 0.2 psi,
comprising in the following order:

inserting a catheter having an occlusive device at its distal

end into said blood vessel, until said occlusive device
is distal to said occlusion;
activating said occlusive devicc to at least partially
occlude said vessel distal said occlusion and create a
working area surrounding said occlusion;

simultaneously delivering a therapy catheter and a debris
removal device into said blood vessel until they reach
said occlusion;

performing therapy on said occlusion;

utilizing fluid pressure within said vessel to inhibit par-

ticles produced during therapy from substantial migra-
tion in a direction proximal to said occlusion;
removing said therapy catheter;

creating a flow of fluid within said vessel across said

occlusion in a proximal 1o dislal direction by aspirating
fluid from said working area inside the vessel at a
location proximal to the occlusive device, whereby said
particles are removed from the working area and fluid
pressure provides fluid to replace fluid aspirated from
the working area;

removing said debris removal device; and

deactivating said occlusive device and removing said

catheler.

52. A method of treatment of a blood vessel in which
blood flows proximally to distally, said method comprising:

delivering an expandable device to [orm a barrier suffi-

cient to inhibit emboli suspended in said blood from
migrating past the barrier in a proximal to distal direc-
tion;

preventing emboli from moving in a distal to proximal

direction by exposing said expandable device to blood
flowing in a proximal to distal direction;
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advancing a catheter having a lumen in fluid communi-
cation with a distal opening in the catheter, said advanc-
ing comprising moving said distal opening relative to
said expandable device within the blood vessel such
thal said opening is distal to at least a portion of an
occlusive substance within said blood vessel, said
occlusive substance comprising said emboli suspended
in said blood;

drawing blood from the vessel into the distal opening such
that (a) a blood flow is created in the lumen in a distal
to proximal direction, and (b) said blood flow is simul-
taneously created in said vessel in a proximal to distal
direction, whereby said emboli are carried by said
blood flow from said vessel into said distal opening and
through said lumen of said catheter.
53. The method of claim 52, wherein the occlusive
substance additionally comprises malerial on a wall of the
vessel.

15

20

54. The method of claim 52, wherein said advancing
comprises moving said distal opening such that said opening
is distal 1o al least some of the emboli.

55. The method of claim 52, further comprising moving
the distal opening in the catheter during said drawing of
blood.

56. The method of claim 52, wherein said expandable
device is an occlusive device.

57. The method of claim 52, further comprising advanc-
ing a guide catheter until a distal end of the guide catheter
is positioned in the aorta, and wherein said catheter is
advanced through said guide catheter.

58. The method of claim 52, wherein said fluid pressure
is provided by blood from the aorta.

59. The method of claim 52, wherein said blood vessel
comprises a saphenous vein graft.
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57 ABSTRACT

A method for the treatment of a stenosis or an occlusion in
a blood vessel in which an occlusive device is first delivered
and activated at a site distal to the occlusion to at least
partially occlude the vessel. A therapy catheter is then
introduced to treat the occlusion and a debris removal device
is delivered to aspirate debris from the vessel. The present
invention eliminates the need for a separaie irrigation cath-
eter and irrigation fluid which allows the procedure to be
performed quickly and efficiently, and is especially useful in
the removal of occlusion from saphenous vein graft, the
coronary and carotid arteries, arteries above the aortic arch
and vessels of similar size and pressure.
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ASPIRATION METHOD

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 09/049,857, filed Mar. 27, 1998, now U.S. Pat.
No. 6,135,991, which is a continuation-in-part of U.S. patent
application Ser. No. 08/813,807, filed Mar. 6, 1997, now
abandoned, which is hereby incorporated by reference in its
entirety.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an improved method for
aspirating emboli, thrombi, and other types of particles from
the human arterial or venous system, the method being
particularly well suited for treating stenoses or occlusions
within saphenous vein grafts, coronary arteries, arteries
above the aortic arch such as the carotid and cerebral
arteries, and similar vessels.

2. Description of the Related Art

Human blood vessels often become occluded or com-
pletely blocked by plaque, thrombi, other deposits, emboli
or other substances, which reduce the blood carrying capac-
ity of the vessel. Should the blockage occur at a critical place
in the circulatory system, serious and permanent injury, or
even death, can occur. To prevent this, some form of medical
intervention is usually performed when significant occlusion
is detected.

Coronary heart disease is an extremely common disorder
in developed countries, and is the leading cause of death in
the U.S. Damage to or malfunction of the heart is caused by
narrowing or blockage of the coronary arteries
(atherosclerosis) that supply blood to the heart. The coronary
arteries are first narrowed and may eventally be completely
blocked by plaque, and may further be complicated by the
formation of thrombi (blood clots) on the roughened sur-
faces of the plaques. Myocardial infarction can result from
atherosclerosis, especially from an occlusive or near occlu-
sive thrombi overlying or adjacent to the atherosclerotic
plaque, leading to death of portions of the heart muscle.
Thrombi and embeli also often result from myocardial
infarction, and these clots can block the coronary arteries, or
can migrate further downstream, causing additional compli-
cations.

Various types of intervention techniques have been devel-
oped which facilitate the reduction or removal of the block-
age in the blood vessel, allowing increased blood flow
through the vessel. One technique for treating stenosis or
occlusion of a blood vessel is balloon angioplasty. A balloon
catheter is ipserted into the narrowed or blocked area, and
the balloon is inflated to expand the constricted area. In
many cases, near normal blood flow is restored. It can be
difficult, however, to treat plaque deposits and thrombi in the
coronary arteries, because the coronary arteries are small,
which makes accessing them with commonly used catheters
difficult.

Other types of intervention include atherectomy, deploy-
ment of stents, introduction of specific medication by
infusion, and bypass surgery. Each of these methods are not
without the risk of embolism caused by the dislodgement of
the blocking material which then moves downstream. In
addition, the size of the blocked vessel may limit percuta-
neous access to the vessel.

In coronary bypass surgery, @ more costly and invasive
form of intervention, a section of a vein, usually the saphe-
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nous vein taken from the leg, is used to form a connection
between the aorta and the coronary artery distal to the
obstruction. Over time, however, the saphenous vein graft
may itself become discased, stenosed, or occluded, similar
to the bypassed vessel. Atherosclerotic plaque in saphenous
vein grafts tends to be more friable and less fibrocalcific than
its counterpart in native coronary arteries.

Diffusely diseased old saphenous vein grafts with friable
atherosclerotic lesions and thrombi have therefore been
associated with iatrogenic distal embolic debris. Balloon
dilatation of saphenous vein grafts is more likely to produce
symptomatic embolization than dilatation of the coronary
arteries, not only because of the difference in the plaque but
also because vein grafts and their atheromatous plaques are
generally larger than the coronary arteries to which they are
anastomosed. Once the plaque and thrombi are dislodged
from the vein, they can move downstream, completely
blocking another portion of the coronary artery and causing
myocardial infarction. In fact, coronary embolization as a
complication of balloon angioplasty of saphenous vein
grafts is higher than that in balloon angioplasty of native
coronary arteries. Therefore, balloon angioplasty of vein
grafts is performed with the realization that involvement by
friable atherosclerosis is likely and that atheroembolization
represents a significant risk.

Because of these complications and high recurrence rates,
old diffusely diseased saphenous vein grafts have been
considered contraindications for angioplasty and
atherectomy, severely limiting the options for minimally
invasive treatment. However, some diffusely diseased or
occluded saphenous vein grafts may be associated with
acute ischemic syndromes, necessilating some form of inter-
vention.

There is therefore a need for improved methods of treat-
ment for occluded vessels such as saphenous vein grafts and
the smaller coronary arteries, the carotid and cerebral
arteries, which decrease the risks to the patient.

SUMMARY OF THE INVENTION

The present invention provides a novel method for remov-
ing plaque, thrombi, emboli and other types of obstructions
or occlusions from blood vesscls having an inlet fluid
pressure of at least 0.2 psi at any time during the diastolic/
systolic cycle of the heart. Although the pressure within the
vessel may fall below 0.2 psi during relaxation between
beartbeats, so long as the pressure created by the heartbeat
rises to at least 0.2 psi, the pressure within the vessel will be
sufficient. The method preferably includes the use of an
occlusive device such as a balloon or filter to occlude the
vessel distal to the obstruction, an optional therapy catheter
to treat the obstruction, and a source of aspiration (o remove
the debris created by the therapy. By utilizing the fluid
pressure and flow within the blood vessel, this method
eliminates the need for a separate irrigation catheter and
irrigation fluid. The present invention allows for the removal
of occlusions more rapidly than known methods. Speed is
essential in such procedures, since blood flow is signifi-
cantly decreased or stopped during the time the vessel is
occluded. The speed with which normal blood flow is
restored is more critical in main vessels which supply blood
to collateral vessels. The method of the present invention
allows for the removal of occlusions from saphenous vein
grafts, coronary arterics, arteries above the aortic arch such
as the carotid and cerebral arteries, and blood vessels of
similar pressure. The minimally invasive treatment can be
provided at low cost and at relatively low risk to the patient.
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In accordance with one aspect of the present invention,
there is provided a method for the treatment of a stenosis or
an occlusion in a blood vessel having a fluid pressure of at
least about 0.2 psi. The blood vessel can be a saphenous vein
graft, a coronary artery, a blood vessel above the aortic arch,
or any other vessel with a fluid flow rate of at least about 10
cc per minute (prior to occlusion of the vessel using an
occlusive device as described below), and more preferably,
about 60 to 80 cc per minute, or about 120 to 140 cc per
minute. This flow rate is needed to provide adequate irriga-
tion fluid, which allows for substantially complete aspiration
of the area surrounding the occlusion in a very short period
of time. Using this combination of irrigation provided from
the blood flow into the vessel and aspiration, it has been
found that aspiration of debris and fluid within the working
area can occur in less than 3 seconds, but can also continue
for 10 to 20 seconds or longer, until the procedure is
completed. Thus, the physician can quickly and efficiently
clear the debris from the arca and restore normal blood flow
through the vessel.

One aspect of the method comprises first inserting a
catheter or guidewire having an occlusive device at its distal
end into the blood vessel, until it is distal to the stenosis or
occlusion. It is to be understood that the stenosis or occlu-
sion could be in a discrete location or diffused within the
vessel. Therefore, although placement of the occlusive
device is said to be distal lo the stenosis or occlusion 1o be
treated, portions of the diffuse stenosis or occlusion may
remain distal to the occlusive device.

Once in place, the occlusive device is activated to sub-
stantially or completely occlude the vessel distal to the
existing stenosis or occlusion and to create a working area
surrounding the stenosis or occlusion. A therapy catheter is
then inserted into the blood vessel until it reaches the
stenosis or occlusion, and a desired therapy is performed on
the stenosis or occlusion. The fluid inlet pressure within the
vessel prevents any particles produced during therapy from
flowing against the pressure and out of the working area,
thus localizing the particles for aspiration. The therapy
catheter is removed, and the distal end of an aspiration
catheter or other device which creates an area of turbulence
and uses megalive pressure to aspirate fluid and debris is
delivered into the vessel with the preferred placement being
at the working area in a position just proximal to the
occlusive device. Fluid is aspirated from the working area
inside the vessel preferably proximal to the occlusive device
to remove debris, while the fluid pressure within the vessel
provides irrigation fluid within the working area. This aspi-
ration creates a fluid flow within the working area, and
provides a flow of irrigation fluid into the area. It is this
combination of irrigation and aspiration that allows for very
fast and efficient removal of debris. Once aspiration is
complete, the aspiration catheter or similar device is
removed and the occlusive device deactivated. Finally, the
catheter or guidewire is removed from the vessel as well.

The insertion can include the act of inserting the proximal
end of the guidewire into the hollow lumen inside the
aspiration catheter and advancing the aspiration catheter
over the guidewire. This is commonly known as “over-the-
wire” insertion. Alternatively, the proximal end of the
guidewire can be inserted into a separate guidewire lumen
on the aspiration catheter. Only a short portion of the
aspiration catheter, as little as 5 cm, rides over the guidewire
as the catheter is advanced. This is known as a single
operator system, since, unlike the over-the-wire systems, a
second operator is not required to hold the long guidewire
while the catheter is inserted into the patient; a single user
alone can deliver the catheter over the guidewire in this
system.
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The distal end of the aspiration catheter or similar device
should be slidably inserted into the vessel, across the occlu-
sion and preferably as close to the proximal side of the
occlusive device as possible. Thereafter, aspiration is begun
and the aspiration catheter should be pulled back by the
operator, such that the distal tip slides proximal to the
occlusion and the occlusive device. Thus, while the distal tip
of the aspiration catheter is preferably initially at a position
distal to the occlusion and no more than about 5 cm proximal
to the occlusive device, or preferably no more than about 2
cm proximal to the occlusive device, the operator then slides
the aspiration catheter back during aspiration, crossing the
occlusion and increasing the distance between the distal tip
and the occlusive device. Aspiration can therefore occur
anywhere between about 0 to 20 cm proximal to the occlu-
sive device. Alternatively, the distal tip of the aspiration
catheter may be initially positioned proximal to the occlu-
sion and the occlusive device. Aspiration is begun, and the
tip is moved in a distal direction, across the occlusion and
immediately adjacent the occlusive device. The tip is then
moved in a proximal direction, back across the occlusion.
This distal and proximal movement of the catheter tip during
aspiration emsures the complete removal of parlicles and
debris from the patient.

The irrigation fluid supplied by the proximal portion of
the blood vessel will move any particles or debris from a
position proximal to the distal end of the aspiration catheter,
thus allowing them to be aspirated. If a particle, however, is
too far distal to the tip of the aspiration catheter, the
irrigation fluid will tend to keep it there and not allow it to
be aspirated from the vessel. The tip of the aspiration
catheter can therefore be slidably advanced in a distal
direction more than once if desired, to ensure complete
removal of debris. Once aspiration has begun, additional
blood will flow into the area, creating turbulence and also
allowing for the removal of debris.

If desired, a guide catheter can first be inserted into the
patient’s body to aid in the insertion of the guidewire and
catheters. The guide catheter can be used to provide aspi-
ration in place of the aspiration catheter if desired. The guide
catheter is then removed following completion of the pro-
cedure.

In accordance with another aspect of the present
invention, there is provided a method for the treatment of a
stenosis or an occlusion in a blood vessel having a fluid
pressure of at least about 0.2 psi, and a fluid flow rate of at
least about 10 cc per minute (when not occluded using an
occlusive device as described), and more preferably, about
60 to 80 cc per minute, or 120—140 cc per minute. The
method comprises the steps of inserting a guidewire or
catheter having an occlusive device on its distal end into the
blood vessel, until the occlusive device is distal to the
stenosis or occlusion. The occlusive device is activated to
substantially occlude the vessel distal to the existing stenosis
or occlusion and create a working area surrounding the
stenosis or occlusion. A therapy catheter is then inserted into
the lumen of an aspiration catheter or similar device, and the
therapy catheter and the aspiration catheter are simulta-
neously delivered into the blood vessel until they reach the
stenosis or occlusion. Therapy is performed to eliminate the
occlusion, and the fluid pressure within the vessel acts to
prevent any particles produced during therapy from flowing
against the pressure and out of the working area. When
therapy is complete, the therapy catheter is removed while
the aspiration catheter remains, and fluid inside the working
area is aspirated to remove the particles while the fluid
pressure provides irrigation fluid within the working area.
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When aspiration is complete, the aspiration catheter or
similar device is removed and the occlusive device is
deactivated. The guidewire or catheter is also then removed.

In accordance with yet another aspect of the present
invention, there is provided a method for the treatment of a
stenosis or an occlusion in a blood vessel having a fluid
pressure of at least about 0.2 psi, and a fluid flow rate of at
least about 10 cc per minute (prior to occlusion using an
occlusive device). The method comprises inserting an occlu-
sive device into the vessel until the occlusive device is distal
to the stenosis or occlusion. The device can be attached to
the distal end of a catheter or guidewire. The device is
actuated to occlude the vessels distal to the existing stenosis
or occlusion and create a working area surrounding the
stenosis or occlusion, The fluid pressure within the vessel
prevents any particles dislodged during insertion of the
guidewire or catheter from flowing against the pressure and
out of the working area. The distal end of an aspiration
catheter or similar device is inserted to a position just
proximal to the occlusive device, and fluid from the working
area inside the vessel just proximal the occlusive device is
aspirated. This will remove the stenosis or occlusion and any
free particles while the fluid pressure provides irrigation
fluid within the area. When aspiration is complete, the
aspiration catheter is removed and the occlusive device
deactivated. The guidewire or catheter is then removed.

Another aspect of the present invention involves the use
of an expandable device, such as an inflatable balloon, to
inhibit the migration of emboli or other particles in a
proximal to distal direction within the vessel. This can be
done by al least partially occluding the vessel at a site distal
to the emboli or other occlusion. Again, although placement
of the expandable device is said to be distal to the emboli or
other occlusion to be treated, in the case of a diffuse
occlusion, outlying portions of the occlusion may remain
distal to the device.

The fluid pressure within the vessel prevents emboli or
other particles from migrating in a distal to proximal direc-
tion. If desired, a therapy catheter may be used to perform
therapy on the vessel at the site of the emboli or occlusion.
The therapy catheter may be removed, and a catheter, such
as an aspiration catheter, having a lumen in fluid commu-
nication with a distal opening in the catheter is advanced
across the site of the emboli or occlusion such that the
opening is distal to at least a portion of the emboli or
occlusion. Fluid is then drawn through the distal opening in
the catheter to remove the emboli, occlusion or debris. By
drawing fluid into the opening, a fluid flow is created in the
lumen of the catheter in a distal to proximal direction, while
simultaneously, fluid flows in a proximal to distal direction
in the vessel.

In accordance with yet another aspect of the invention,
there is provided a method for the evacuation of emboli from
a blood vessel. A catheter having a lumen in fluid commu-
nication with a distal opening in the catheter is positioned
such that the opening is distal to at least a portion of an
occlusive substance, such as emboli, within the blood vessel.
Fluid is then drawn from the vessel into the distal opening
such that the emboli are carried from the vessel into the
distal opening and through the lumen of the catheter. The
fluid intake preferably simultaneously creates a fluid flow in
the lumen in a distal to proximal direction, and in the vessel
in a proximal to distal direction. During the fluid intake
through the catheter, the distal opening in the catheter is
preferably moved from a position distal to the occlusive
substance, to a position proximal to the occlusive substance,
lo a position distal to the occlusive substance to ensure
complete removal of particles.
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Accordingly, the present invention provides for very fast
and efficient aspiration of an area surrounding an occlusion
in a blood vessel. The patient’s own blood provides the
irrigation fluid, thereby eliminating the need for a separate
irrigation catheter and supply of irrigation fluid. By reducing
the number of devices needed to be inserted into the patient,
the present invention reduces the amount of time required to
complete the procedure, and allows the physician to restore
normal blood flow in the vessel in a very short period of
time.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a human heart showing a
saphenous vein graft used to bypass a portion of the coro-
nary arteries.

FIG. 2 is a side view of an over-the-wire aspiration
catheter in accordance with the present invention.

FIG. 3 is a cross section of the aspiration catheter of FIG.
2, taken along line 3—3 in FIG. 2.

FIG. 4 is a cross section of the aspiration catheter of FIG.
2 showing a guide wire over which the aspiration catheter
rides.

FIG. 5 is a side view of a single operator type aspiration
catheter in accordance with the present invention.

FIG. 6 is a cross section of the proximal end of the
aspiration catheter of FIG. 5, taken along line 6—6 of FIG.
5.

FIG. 7 is a cross section of the distal end of the aspiration
catheter of FIG. 5, taken along line 7—7 of FIG. 5.

FIGS. 8A—C are side views of the various embodiments
of the distal end of the aspiration catheter of the present
invention.

FIG. 9 is a perspective view of an over-the-wire aspiration
catheter and guidewire inserted into a saphenous vein graft
in accordance with the present invention, with the vein graft
shown partially cut away.

FIG. 10 is a schematic view of a catheter apparatus for use
in the method of the present invention;

FIG. 11 is a schematic cross-sectional view of a distal
portion of the catheter apparatus shown in FIG. 10.

FIG. 12 is a perspective view of an over-the-wire aspi-
ration catheter and a guidewire bearing an occlusive filter
inserted into a saphenous vein graft, with the vein graft
shown partially cut away.

FIG. 13 is a perspective view of a therapy catheter
delivering a drug and a guidewire having on occlusive
device inserted into a saphenous vein graft, with the vein
graft shown partially cut away.

FIGS. 14A-D show a perspective view of the movement
of an over-the wire aspiration catheter during aspiration in a
saphenous vein graft, with the vein graft shown partially cut
away.

FIGS. 15A-B illustrate the positioning of the occlusive
device distal to the occlusion in branching and non-
branching blood vessels.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

The present invention provides an improved method for
aspirating emboli, plaque, thrombi or other occlusions from
a blood vessel. A preferred embodiment of the present
invention is adapted for use in the treatment of a stenosis or
an occlusion in a blood vessel in which the stenosis or
occlusion has a length and a width or thickness which at
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least partially occludes the vessel’s lumen. Thus, the method
is effective in treating both partial and complete occlusions
of the blood vessels. It is to be understood that “occlusion”
as used herein, includes both complete and partial
occlusions, stenoses, emboli, thrombi, plaque, and any other
substance which at least partially occludes the lumen of the
blood vessel.

The method of the present invention can be used to
provide aspiration without the need for a separate irrigation
catheter and irrigation fluid. In the context of removing
plaque, thrombi or other blockages from blood vessels, it has
heretofore been proposed that an isolated “chamber” sur-
rounding the occlusion be created prior to attempting
treatment, and that separate irrigation fluid be provided
through an irrigation catheter to the chamber. It has been
surprisingly discovered that isolation of the occlusion is not
required, and that the occlusion can be successfully removed
without the need for delivery of a separate irrigation catheter
and irrigation fluid in those vessels where certain pressure
and fluid flow conditions exist, such as saphenous vein
grafls, coronary arteries, carotid arteries and other vessels.

In non-bifurcated areas of the blood vessels, it has been
discovered that fluid from the collateral vessels or from the
proximal portion of the same vessel acts as an infusion
source. One can therefore occlude only the distal portion of
the vessel to create a working area surrounding the occlusion
and allow blood to flow from the proximal portion of the
vessel into the working area. The area surrounding the
occlusion is aspirated through the guiding catheter or aspi-
ration catheter. It should be noted that, as used herein,
“proximal” refers to the portion of the apparatus closest to
the end which remains outside the patient’s body, and
“distal” refers to the portion closest to the end inserted into
the patient’s body.

The aspiration method is adapted for use in vessels in
which no bifurcation or branching occurs for a distance of
approximately 2-10 cm past the site of the occlusion. Such
a vessel 80 with an occlusion 82 is illustrated in FIG. 15A.
This distance allows Lhe vessel 80 to be occluded using an
occlusive device 84 without the risk of any particles being
carried downstream by the blood flow, where they could
cause furlher damage (as illustrated by the arrow in FIG.
15B). There are exceptions, however; for example, the
internal and external carotid arteries. Here, the common
carotid artery bifurcates into the internal and external carotid
arteries. It is possible to occlude the internal carotid artery
only and allow particles to be carried away through the
external carotid artery, since it is widely accepted that these
particles can be carried safely away and will cause no
damage downstream.

The aspiration method can be used in any vessel of the
body where the pressure is at least 0.2 psi at any time during
the diastolic/systolic cycle of the heart, and preferably, is
about 1.2 psi, with a flow rate of at least 10 cc per minute.
Thus, although the pressure within the vessel may fall below
0.2 psi during relaxation between heartbeats, so long as the
pressure created by the heartbeat rises to at least 0.2 psi, the
pressure within the vessel will be sufficient.

A preferred embodiment of the method of the present
invention is particularly suited for use in removal of occlu-
sions from saphenous vein grafts, coronary and carotid
arteries, and vessels having similar pressures and flow where
a suitable working area can be created. A saphenous vein
graft is depicted in FIG. 1. The graft 2 is used to bypass one
of the occluded coronary arteries 4, and connects the aorta
6 to the coronary artery at a location distal the occlusion 8.
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Although the present invention will be described in connec-
tion with a saphenous vein graft, it should be understood that
this application is merely exemplary, and the method can be
used in other blood vessels as well.

Apparatus Used

In a preferred embodiment of the method of the present
invention, a guide catheter having a single lumen is first
introduced into the patient’s vasculature through an incision
made in the femoral artery in the groin and used to guide the
insertion of other catheters and devices to the desired site.
Following insertion of the guide catheter, an occlusive
device is delivered to a position distal the occlusion. For
example, a second catheter having an expandable device
(reference numbers 51 and 52, FIGS. 9 and 12), such as an
inflatable balloon, filter, expandable braid or other mechani-
cal occlusive device, attached at its distal end is inserted
through the guide catheter and past the site of the occlusion
(illustrated in FIGS. 9 and 12). The expandable occlusive
device should be capable of preventing the migration of
particles and debris from the working area, either through
total or partial occlusion of the vessel. Note that the occlu-
sion of the vessel need not be complete. Substantial occlu-
sion of the vessel can be sufficient for purposes of the
present invention. The catheter should be sized so as to be
slidable with respect to the therapy and aspiration catheters
inserted over the catheter. The catheter is preferably made of
metal such as stainless steel or nitinol, plastics, or compos-
ites. A guidewire having an occlusive device on its distal end
is also suitable for use in the present method. The method
can be effectively carried out using a number of guidewires
or catheters that perform the function of occluding the vessel
and allowing for the slidable insertion of various other
catheters and devices. The term “catheter” as used herein is
therefore intended to include both guidewires and catheters
with these desired characteristics.

A preferred catheter for use to occlude the vessel is
illustrated in FIGS. 10 and 11. The catheter apparatus 110 is
generally comprised of four communicating members
including an elongated tubular member 114, an inflatable
balloon member 116, a core-wire member 120 and a coil
member 122. The catheter apparatus 110 is preferably pro-
vided with an outer coating of a lubricous material, such as
TEFLON.

The body member 114 of the catheter apparatus 110 is in
the form of hypotubing and is provided with proximal and
distal ends 114A and 114B as well as an inner lumen 115
extending along the tubular member 114. The balloon mem-
ber 116 is coaxially mounted on the distal end 114B of the
tubular member 114 by suitable adhesives 119 at a proximal
end 116A and a distal end 116B of the balloon member 116
as in the manner shown in FIG. 11. The core-wire member
120 of the catheter 110 may be comprised of a flexible wire
120. The flexible wire 120 is joined by soldering or brazing
at a proximal end 120A of the flexible wire 120 to the distal
end 114B of the tubular member 114 as in the manner show
in FIG. 11.

Preferably, the proximal end 120A of the flexible wire 120
has a lransverse cross sectional area substantially less than
the smallest transverse cross-sectional area of the inner
lumen 115 of the tubular member 114. In the preferred
embodiment, the flexible wire 120 tapers in the distal end
120B to smaller diameters to provide greater flexibility to
the flexible wire 120. However, the flexible wire may be in
the form of a solid rod or a helical coil or wire or combi-
nations thereof.

As shown in FIG, 11, the distal end 120B of the flexible
wire 120 is secured to a rounded plug 118 of solder or braze
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at the distal end 122B of the coil member 122. The coil
member 122 of the catheter 110 may be comprised of a
helical coil 122. The coil member 122 is coaxially disposed
about the flexible wire 120, and is secured to the flexible
wire 120 by soldering or brazing at about the proximal end
120A of the flexible wire 120 as in the manner shown in FIG.
11.

The balloon member 116 is preferably a compliant bal-
loon formed of a suitable elastic material such as a latex or
the like. The flexible coil 122 is preferably formed of a wire
of platinum based alloys. The flexible core-wire 120 and the
tubular member 114 are preferably formed of a nickel-
titanium alloy.

Alternatively, the occlusion catheter can be configured so
as to allow for aspiration through the catheter, thus elimi-
nating the need for a separate aspiration catheter. In this
embodiment, the catheter has a long hollow shaft, having an
outer diameter of less than about 0.038", and preferably
about 0.025" to about 0.035". The inner diameter or lumen
of the shaft is about 0.020" to about 0.030". Aspiration
occurs through the inner diameter of the catheter. The
catheter has an occlusive device attached to its distal end.
The occlusive device is preferably a mechanical device such
as a self-expanding braid or coil which acts as a filter,
preventing particles from moving downstream. The catheter
shaft further comprises at least one opening, and preferably
several openings, located just proximal to the occlusive
device, which allow for aspiration. The proximal end of the
catheter is adapted to allow a source of negative pressure to
be attached, such that it is in fluid communication with the
inner lumen.

Once the guiding catheter and catheter have been properly
positioned inside the vessel, the occlusive device at the distal
end of the catheter is actuated to occlude the vessel distal to
the existing occlusion, A therapy catheter then is delivered
to the site of the occlusion. The term “therapy catheter” is
meant to include any of a number of known devices used to
treat an occluded vessel. For example, a catheter carrying an
inflatable balloon for use in balloon angioplasty can be
delivered to dilate the occlusion. Thermal balloon angio-
plasty includes the use of heat to “mold” the vessel to the
size and shape of the angioplasty balloon. Similarly, an
intravascular stent can be delivered via a balloon catheter
and deployed at the site of the occlusion to keep the vessel
open. Cutting, shaving, scraping or pulverizing devices can
be delivered to excise the occlusion in a procedure known as
atherectomy. A laser or ultrasound device can also be
delivered and used to ablate plaque in the vessel. Various
thrombolytic or other types of drugs can be delivered locally
in high concentrations to the site of the occlusion. It is also
possible to deliver various chemical substances or enzymes
via a catheler to the site of the stenosis to dissolve the
obstruction. The term “therapy catheter” encompasses these
and similar devices.

After the therapy has been performed and the occlusion
" has been removed using any of the methods and apparatus
described above, the area is aspirated to remove fluid and
debris. Aspiration can be provided through the guide cath-
eter if desired. A source of negative pressure is attached at
the proximal end of the guide catheter, and fluid and debris
are aspirated through the guide catheter’s main lumen.
Alternatively, an aspiration catheter or similar debris remov-
ing device is used to remove particles and any other debris.
The term “aspiration catheter” includes any device which
creates an area of fluid turbulence and uses negative pressure
to aspirate fluid and debris, and includes thrombectomy
catheters, rheolitic devices and those devices which create a
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venturi effect within the vessel. Thus, it is possible that a
single catheter is used as both the therapy catheter and the
aspiration catheter. It should be noted that any particles
which break free during therapy and aspiration procedures
will be kept at the site of the procedure by the occlusive
device occluding the distal portion of the vessel in combi-
nation with the fluid pressure coming from the proximal
portion of the vessel. The debris is prevented from migrating
elsewhere, and remains localized for removal by aspiration.

An aspiration catheter particularly suited for use in the
method described is illustrated in FIG. 2. The catheter 10
includes an adaptor 14 and a seal 16 at its proximal end. The
catheter 10 further includes an aspiration port 18 to which a
source of negative pressure is attached. The aspiration
catheter further comprises a long hollow shaft 20 having a
distal end 22. The distal tip 22 can include a radiopaque
marker o aid in locating the tip 22 during insertion into the
patient, and is preferably soft to prevent damage to the
patient’s vasculature.

The aspiration catheter illustrated in FIG. 2 is an over-
the-wire catheter. As seen in FIG. 3, the catheter shaft 20 is
hollow. During insertion of the aspiration catheter 10, the
proximal end of a guidewire 26 is inserted into the distal end
of the aspiration catheter 22, and the aspiration catheter 10
is slidably advanced over the guidewire 26, which is posi-
tioned inside the hollow lumen 24 of the aspiration catheter
10. The position of the guidewire 26 relative to the shaft 20
of the aspiration catheter 10 is illustrated in FIG. 4, but of
course can vary. For this type of aspiration catheter 10, a
very long guidewire 26, generally around 300 cm in length,
is used to facilitate the insertion of the aspiration catheter 10
over the guidewire 26.

Alternatively, the aspiration catheter 30 can be of a single
operator design, as illustrated in FIGS. 5-7. The catheter 30
has an adaptor 32 and an aspiration port 34 at its proximal
end. Like the over-the-wire aspiration catheter 10, the single
operator aspiration catheter 30 further comprises a long
hollow shaft 36 having a distal end 38. The distal tip 38 can
include a radiopaque marker to aid in locating the tip 38
during insertion into the patient, and is preferably soft to
prevent damage to the patient’s vasculature. At the distal end
of the shaft 38, a guidewire lumen 40 is attached. This lumen
40 provides a separale lumen, apart from the main aspiration
lumen 42 of the catheter 30, for the insertion of the
guidewire 26. This guidewire lumen can be as short as 5 cm.
As illustrated in FIG. 7A, during delivery of the aspiration
catheter 30, the proximal end of the guidewire 26 is inserted
into the distal end of the guidewire lumen 40, and the
guidewire lumen 40 is slidably advanced over the guidewire
26. Unlike the over-the-wire catheter 10 described above,
only a short segment of the single operator aspiration
catheter 30 rides over the guidewire 26, and the guidewire
26 remains in the guidewire lumen 40 and does not enter the
aspiration lumen 42 of the aspiration catheter 30. With the
single operator system 30, the long guidewire 26 used with
the over-the-wire catheter 10, and the extra operator needed
to handle it, are not required.

Although the guidewire lumen 40 is shown in FIG. § as
being located only on the distal end 38 of the shaft of the
aspiration catheter 36, the lumen 40 can also be made to
extend the entire length of the shaft 36 if desired. In both
embodiments, the aspiration lumen 42 is advantageously left
completely unobstructed to provide more efficient aspira-
tion. The guidewire lumen 40 can also include a slit in the
outside wall of the lumen to facilitate faster and easier
insertion and removal of the guidewire 26 through the side
wall of the lumen, as shown in FIG. 7B.
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In another embodiment not shown, the aspiration catheter
can be configured such that the therapy catheter can be
inserted through the lumen of the aspiration catheter. The
aspiration lumen is made large enough to accommodate the
desired therapy catheter. This allows the aspiration catheter
and the therapy catheter to be delivered into the patient at the
same time. When therapy is complete, the therapy catheter
is removed while the aspiration catheter remains in place.
This eliminates the need to separately deliver the aspiration
catheter after removal of the therapy catheter, saving valu-
able time. It is preferable that the size of the guide catheter
used during this type of procedure be sized from at least 8
to about 10 French to accommodate the size of the “over-
the-therapy-catheter” aspiration catheter.

In yet another embodiment, also not shown, the therapy
catheter can be built over the aspiration catheter. For
example, a dual-lumen catheter having a dilatation balloon
at its distal end can be used. One lumen is used to inflate the
dilatation balloon to be used for angioplasty, while the
second lumen is used for aspiration. This design allows a
single combined aspiration catheter and therapy catheter to
be delivered into the patient. When therapy is complete,
aspiration is carried out without the need to first remove the
therapy catheter.

In the embodiment where the occlusion catheter is
adapted to allow aspiration therethrough, no separate aspi-
ration catheter is required. Once the occlusive device on the
catheter is positioned distal to the occlusion, the occlusive
device is activated to at least partially occlude the vessel. A
therapy catheter is delivered and therapy performed on the
occlusion. Once therapy is complete, a source of negative
pressure is provided at the proximal end of the occlusion
catheter, and aspiration occurs through the openings at the
distal end of the catheter, just proximal to the occlusive
device. Aspiration is therefore accomplished without the
need for a separate aspiration catheter, or removal of the
therapy catheter.

FIGS. 8A, 8B, and 8C illustrate various embodiments of
the distal end of the aspiration catheter. FIG. 8A shows the
preferred tip 44, wherein the end has been angled. This tip
44 is also shown in FIG. 5. This angled tip 44 maximizes the
area of aspiration. The distal tip of the aspiration catheter can
also be blunt 45, as shown in FIG. 8B, or can be tapered 46,
with holes along the tip 47 to provide for aspiration, as
illustrated in FIGS. 8C and 2.

Additional details relative to the catheters described
above and (heir use are found in copending application Ser.
No. 08/812,876, filed Mar. 6, 1997, entitled “Hollow Medi-
cal Wires and Methods of Constructing Same, now U.S. Pat.
No. 6,068,623, application Ser. No. 08/858,900, filed May
19, 1997, entitled “Catheter for Emboli Containment
System”, application Ser. No. 09/026,013, filed Feb. 19,
1998, entitled “Aspiration System and Method”, now U.S.
Pat. No. 6,152,909, application Ser. No. 09/026,225, filed
Feb. 19, 1998, entitled “Balloon Catheter and Method of
Manufacture”, application Ser. No. 09/025,991, filed Feb.
19, 1998, entitled “Syringe and Method for Inflating Low
Volume Catheter Balloons”, abandoned, application Ser. No.
09/026,106, filed Feb. 19, 1998, entitled “Occlusion of a
Vessel”, now U.S. Pat. No. 6,312,407, application Ser. No.
08/975,723, filed Nov. 20, 1997, entitled “Low Profile
Catheter Valve and Inflation Adaptor”, now U.S. Pat. No.
6,050,972, and application Ser. No. 09/049,712, filed Mar.
27, 1998, entitled “Exchange Method for Emboli
Containment”, all of which are hereby incorporated by
reference in their entirety.
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Method

The method of the present invention as used to remove
plaque and any associated thrombi from a saphenous vein
graft is described below in connection with FIG. 9. Again,
it should be noted that this application is merely exemplary,
and that the method of the present invention can be used in
other blood vessels and to remove other types of occlusions
as well.

A guide catheter (not shown) is introduced into the
patient’s vasculature through an incision in the femoral
artery in the groin of the patient. The guide catheter has a
single large lumen, and is used to guide the insertion of other
catheters and devices. The guide catheter is advanced until
it reaches the aorta and the ostium of the vein graft, where
it will remain in place throughout the procedure. Fluoros-
copy is typically used to guide the guide catheter and other
devices to the desired location within the patient. The
devices are frequently marked with radiopaque markings to
facilitate visualization of the insertion and positioning of the
devices within the patient’s vasculature. It should be noted
that at this point, blood is flowing through the vessel in a
proximal to distal direction.

Next, an occlusive device is delivered to a site distal the
occlusion. For example, a catheter or guidewire 50 having
an occlusive device at its distal end is delivered through the
guide catheter into the saphenous vein graft 5 and past the
site of the occlusion 56. In this example, the occlusive
device is an inflatable balloon 52. The balloon 52 is inflated
to occlude the vein graft 5 at a site distal to the occlusion 56
to create a working area surrounding the occlusion. By
“working area” is meant an area extending from the occlu-
sive device in a proximal direction for a distance up to about
20 cm. The blood coming from the aorta enters the saphe-
nous vein graft 5 and keeps any particles 58 dislodged
during the procedure from flowing proximally. In addition,
the blood pressure and flow coming from the aorta provides
the irrigation necessary for aspiration. As noted above, the
blood pressure in the vessel is preferably at least about 0.2
psi, and the flow rate is at least about 10 cc per minute at
some point during the diastolic/systolic cycle of the heart.

Once the vein § is occluded, a therapy catheter 150, as
illustrated in FIG. 13, is delivered, if desired. The therapy
catheter can be any of a number of devices, including a
balloon catheter used to perform angioplasty, a catheter
which delivers a stent, a catheter for delivering enzymes,
chemicals, or drugs to dissolve and treat the occlusion (as
illustrated in FIG. 13), an atherectomy device, or a laser or
ultrasound device used to ablate the occlusion. Alternatively,
the therapy catheter can be eliminated and use of the guide
catheter or a separate aspiration catheter alone can be used
to aspirate the occlusion. This method is especially useful to
remove emboli from the coronary arteries following acute
myocardial infarction, because the aspiration catheter can be
made small enough to enter the coronary arteries.

Once the desired therapy is performed, the therapy cath-
cter is withdrawn from the patient’s body and an aspiration
catheter 60 is delivered over the guidewire 50 and through
the guiding catheter. The aspiration catheter 60 rides over
the guidewire 50 with the guidewire 50 inserted through the
aspiration lumen 62 of the catheter 60. Alternatively, a single
operator type aspiration catheter can be used, in which only
a portion of the aspiration catheter rides over the guidewire,
which is inserted into a separate guidewire lumen. FIG. 9
illustrates the treatment site during delivery of the over-the-
wire aspiration catheter 60 into the saphenous vein graft 5.

The treatment site during the aspiration procedure is
illustrated in FIGS. 14A-D. The distal tip of the aspiration
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catheter 64 crosses the site of the occlusion 56 and is initially
positioned distal to the occlusion 56 and as close to the
occlusive balloon 52 as possible, preferably less than about
5 cm, and more preferably less than about 2 cm, from the
proximal side of the balloon 52 (FIG. 14A). Thus, in one
embodiment, the distal tip of the aspiration catheter 64 is
initially positioned immediately adjacent the occlusive bal-
loon 52. Aspiration is begun, and the operator moves the
aspiration catheter in a proximal direction, crossing the site
of the occlusion 56 and increasing the distance between the
distal tip 64 of the catheter and the occlusive balloon 52
(FIGS. 14B and 14C). During aspiration, the distal tip of the
aspiration catheter 64 moves in a direction proximal to the
balloon 52, crossing the occlusion 56, and continuing in a
proximal direction for a distance that is preferably at least 1
cm proximal to the site of the occlusion 56. The distal tip of
the aspiration catheter 64 may continue to be moved in a
proximal direction away from the occlusion 56 for up to 10
cm or more, or until the tip 64 reaches the guide catheter.
Aspiration can therefore occur anywhere between about 0 to
20 c¢m proximal to the occlusive device 52. During
aspiration, the flow of fluid within the vessel is in a proximal
to distal direction, while fluid flow within the lumen of the
catheter is in a distal to proximal direction. If desired, the
distal tip of the aspiration catheter 64 is then again advanced
across the occlusion 56 in the distal direction until it is again
just immediately adjacent to the occlusive balloon 52 (FIG.
14D). This movement of the tip of the aspiration catheter 64
in a proximal and distal direction can be repeated more than
once to ensure complete aspiration of all debris.

In an alternate embodiment, the distal tip of the catheter
64 is initially positioned proximal to the occlusion 56,
preferably at least 1 cm proximal to the occlusion 56.
Aspiration is begun, and the distal tip of the catheter 64 is
advanced in a distal direction across the occlusion 56 until
the tip 64 is positioned immediately adjacent to the occlu-
sive balloon 52. The tip of the catheter 64 is then moved in
a proximal direction, back across the occlusion 56.
Preferably, the tip of the cathster 64 continues in a proximal
direction for a distance that is preferably at least 1 cm
proximal to the site of the occlusion 56. As described above,
the distal tip of the aspiration catheter 64 can continue to be
moved in a proximal direction away from the occlusion 56
for up to 10 cm or more, or until the tip 64 reaches the guide
catheter. This movement of the tip of the catheter 64 in a
distal and proximal direction can be repeated as often as
desired to ensure complete removal of particles and debris.

The blood flow supplied by the aorta will move any
particles 58 from a position proximal to the distal tip of the
aspiration catheter 64, thus allowing them to be aspirated, as
illustrated by the arrows in FIG. 9. If a particle, however, is
too far distal to the tip of the aspiration catheter 64 (for
example, more than about 2 cm), the blood pressure will
keep it there and not allow it to aspirated from the vessel 5.
The aspiration pressure can be increased, bul not without the
risk of severcly damaging the vessel. Rather, this distal and
proximal movement of the aspiration catheter, including
placement of the tip immediately adjacent the occlusive
balloon, will allow the user to completely capture these
distal particles. In addition, once aspiration has begun,
additional blood will flow into the area adjacent and distal to
the tip of the aspiration catheter, creating turbulence and
allowing for the complete removal of debris.

A preferred source of negative pressure is any rigid
container containing a fixed vacuum, such as a syringe,
attached to the proximal end of the aspiration catheter at the
aspiration port 34 (see FIG. 5). A mechanical pump or bulb
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or any other appropriate source of negative pressure can also
be used. The difference between the existing pressure within
the vessel and the aspiration pressure within the vessel
should not exceed about 50 psi. As noted above, if too much
aspiration pressure is applied, the change in pressure in the
vessel will be too great and damage may occur to the vessel
itself.

After the area inside the graft 5 is aspirated to remove any
particles 58 or other debris, the aspiration catheter 60 is
removed. The balloon 52 is deflated and the guidewire 50
and guiding catheter are removed.

As described above, the aspiration catheter can be sized
such that it can receive the therapy catheter within its lumen
or the therapy catheter can be built over the aspiration
catheter. In either case, the aspiration catheter and the
therapy catheter are delivered over the guidewire and into
the vein graft together. When therapy is complete, the
therapy catheter can be removed if desired while the aspi-
ration catheter remains in place. When aspiration is
complete, the aspiration catheter, guidewire and guiding
catheter are removed from the patient’s body. Delivering the
aspiration catheter and therapy catheter together saves time,
which is critical during these types of procedures.
Alternatively, the guide catheter can be used to provide
aspiration through its main lumen.

In yet another embodiment, aspiration takes place through
the Iumen of the occlusion catheter or guidewire. The
occlusive device on the catheter is positioned distal to the
occlusion, and the occlusive device is activated to at least
partially occlude the vessel. The therapy catheter is deliv-
ered and therapy performed. A source of negative pressure
is provided at the proximal end of the occlusion catheter, and
aspiration occurs through openings located at the distal end
of the catheter just proximal to the occlusive device. This
eliminates the need for a separate aspiration catheter, and the
need to remove the therapy catheter prior to aspiration.
Again, this saves time, which is critical during these types of
procedures.

While the foregoing detailed description has described
several embodiments of the apparatus and methods of the
present invention, it is to be understood that the above
description is illustrative only and not limiting of the dis-
closed invention. It will be appreciated that the specific
dimensions of the various catheters and guidewires can
differ from those described above, and that the methods
described can be used within any biological conduit within
the body and remain within the scope of the present inven-
tion. Thus, the invention is to be limited only by the claims
which follow.

What is claimed is:

1. A method of treatment of a blood vessel in which blood
fluid flows proximally to distally, said method comprising:

delivering a guidewire having a proximal end and a distal

" end and an expandable device thereon into the blood

vessel, said expandable device being actuatable
between a nonexpanded state and an expanded state,
said expandable device when in said expanded state
forming a barrier sufficient to inhibit emboli suspended
in said fluid from migrating past the barrier in a
proximal to distal direction;

preventing emboli from moving in a distal to proximal

direction by exposing said expandable device to blood
fluid pressure within said vessel;

advancing a catheter having a lumen in fluid communi-

cation with a distal opening in the catheter, said advanc-
ing comprising moving said distal opening relative to
said expandable device within the blood vessel such
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that said opening is distal to at least a portion of an
occlusive substance within said blood vessel, said
occlusive substance comprising said emboli suspended
in said fluid; and

drawing fluid from the vessel into the distal opening such

that (a) a fluid flow is created in the lumen in a distal
to proximal direction, and (b) said fluid flow is simul-
taneously created in said vessel in a proximal to distal
direction, whereby said emboli are carried by said fluid
flow from said vessel into said distal opening and
through said lumen of said catheter.

2. The method of claim 1, wherein the occlusive substance
includes material on a wall of the vessel.

3. The method of claim 2, wherein said advancing com-
prises moving said distal opening such that said distal
opening is distal to at least some of the material on the wall
of the vessel.

4. The method of claim 1, further comprising moving the
distal opening in the catheter relative to the expandable
device during said drawing of fluid.

5. The method of claim 1, wherein said expandable device
is an inflatable balloon.

6. The method of claim 1, wherein said expandable device
is a filter.

7. The method of claim 1, further comprising advancing
a guide catheter until a distal end of the guide catheter is
positioned proximal to the emboli, and wherein said catheter
is advanced through said guide catheter.

8. The method of claim 1, wherein said blood vessel
comprises a saphenous vein graft.

9. The method of claim 8, wherein said fluid pressure is
provided by blood from the aorta.

10. The method of claim 1, wherein said blood vessel
comprises a carotid artery.

11. The method of claim 1, wherein the emboli are located
in a segment of the blood vessel having substantially no side
branches.

12. The method of claim 1, wherein the catheter is
advanced over the guidewire.

13. A method for the evacuation of emboli from a blood
vessel comprising:

positioning an expandable device distal to a location in

the vessel having an occlusion on the walls of said
vessel;

positioning a catheter having a lumen in fluid communi-

cation with a distal opening in the catheter such that
said opening is distal to said location;

drawing fluid from the vessel into the distal opening such

that emboli broken off from said occlusion are carried
by said fluid from said vessel into said distal opening
and through said lumen of said catheter; and

moving the distal opening in the catheter until it is

proximal to said location during the drawing of fluid
into the distal opening.

14. The method of claim 13, wherein positioning said
expandable device further comprises delivering a guidewire
into said vessel, said guidewire carrying said expandable
device.

15. The method of claim 14, wherein said catheter is
positioned in the blood vessel over said guidewire.

16. The method of claim 13, further comprising actuating
said expandable device into an expanded position prior to
drawing fluid from the vessel.

17. The method of claim 13, wherein said drawing fluid
further comprises creating a fluid flow in the lumen in a
distal Lo proximal direction, and simultaneously crealing
fluid flow in the vessel in a proximal to distal direction.
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18. The method of claim 13, wherein the distal opening in
the catheter is positioned distal said location more than once
during the drawing of fluid.

19. The method of claim 13, wherein said expandable
device is an inflatable balloon.

20. The method of claim 13, wherein said expandable
device is a filter.

21. The method of claim 13, further comprising, prior to
drawing fluid into the distal opening of the catheter, per-
forming therapy on the occlusion, the performing of therapy
causing emboli to break off from the occlusion.

22. A method for the treatment of an occlusion in a blood
vessel having a fluid pressure of at least 0.2 psi, comprising:

inserting a guidewire having an occlusive device at its

distal end into said blood vessel, until said occlusive
device is distal to said occlusion;

activating said occlusive device to at least partially

occlude said vessel distal to said occlusion and create
a working area around said occlusion;

advancing a therapy catheter into said blood vessel until

it reaches said occlusion;

performing therapy on said occlusion;

utilizing fluid pressure within said vessel to inhibit par-

ticles produced during therapy from substantial migra-
tion in a direction proximal to said occlusion;
removing said therapy catheter;
delivering an aspiration catheter having a proximal end
and a distal end over said guidewire until the distal end
of said aspiration catheter is at a location proximal to
the occlusive device and distal o the occlusion;

creating a flow of fluid within said vessel in a proximal to
distal direction by aspirating fluid from said working
area inside the vessel through said distal end of said
aspiration catheter, whereby said particles are removed
from the working area and said fluid pressure provides
fluid to replace fluid aspirated from the working area;
and

deactivating said occlusive device and removing said

catheter.

23. The method of claim 22, wherein said aspiration
catheter comprises a hollow lumen and a separate second
lumen for receiving said guidewire, and wherein said aspi-
ration catheter is delivered by inserting a proximal end of
said guidewire into said second lumen, and slidably advanc-
ing said second lumen of said aspiration catheter over said
guidewire.

24. The method of claim 22, wherein said distal end of
said aspiration catheter is inserted at least one time to a
position no more than about 5 cm proximal to said occlusive
device and thereafter slidably withdrawn in a proximal
direction.

25. The method of claim 22, wherein said blood vessel is
selected from the group consisting of a saphenous vein graft,
a coronary artery, and a vessel above the aortic arch.

26. The method of claim 22, wherein said blood vessel has
a fluid flow rate of at least about 10 cc per minute.

27. The method of claim 22, wherein said blood vessel has
a fluid flow rate of from about 60 to about 80 cc per minute.

28. The method of claim 22, further comprising inserting
a guide catheter to aid in the insertion of said occlusive
device and said guidewire.

29. The method of claim 22, wherein activating said
occlusive device results in the vessel being substantially
occluded.

30. The method of claim 22, wherein said occlusive
device is a balloon and said activating step comprises
inflating said balloon.
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31. The method of claim 22, wherein said occlusive
device is a filter and said activating step comprises deploy-
ing said filter to prevent migration of particles downstream.

32. The method of claim 22, wherein performing said
therapy comprises delivering a drug directly to the site of
said occlusion.

33. The method of claim 22, wherein performing said
therapy comprises creating a venturi effect within said vessel
to aspirate said occlusion, and wherein the fluid aspiration
occurs simultaneously.

34. The method of claim 22, wherein performing said
therapy comprises creating fuid turbulence within said
vessel lo aspirate said occlusion, and wherein the fluid
aspiration occurs simultaneously.

35. The method of claim 22, wherein said therapy catheter
is selected from the group consisting of a thrombectomy
catheter, a rheolitic device, and a device which creates a
venturi effect within the vessel, and wherein the therapy and
the fluid aspiration are performed simultaneously.

36. The method of claim 22, further comprising moving
the distal end of the aspiration catheter within said working
area during aspiration.

37. The method of claim 36, wherein the distal end of the
aspiration catheter is moved in a distal to proximal direction
during aspiration.

38. The method of claim 36, wherein the distal end of the
aspiration catheter is moved in a proximal to distal direction
during aspiration.

39. The method of claim 22, wherein the emboli are
located in a segment of the blood vessel having substantially
no side branches.

40. A method of treatment of a blood vessel in which
blood flows proximally to distally at a location having an
occlusion on the walls of said vessel that constricts said
vessel, said method comprising:

delivering a guidewire having a proximal end and a distal

end and an expandable device thereon into the blood
vessel, said expandable device being actuatable
between a nonexpanded state and an expanded state,
said expandable device when in said expanded state
forming a barrier sufficient to inhibit emboli in said
blood from migrating past the barrier in a proximal to
distal direction;

preventing emboli from moving in a distal to proximal

direction by exposing said expandable device to blood
flowing in a proximal to distal direction;

advancing a catheter having a lumen in fluid communi-

cation with a distal opening in the catheter, said advanc-
ing comprising moving said distal opening relative to
said expandable device within the blood vessel such
that said opening is distal to said occlusion within said
blood vessel; and

drawing blood from the vessel into the distal opening such

that (a) a blood flow is created in the lumen in a distal
to proximal direction, and (b) said blood flow is simul-
taneously created in said vessel in a proximal to distal
direction, whereby said emboli are carried by said
blood flow from said vessel into said distal opening and
through said lumen of said catheter.

41. The method of claim 40, wherein said advancing
comprises moving said distal opening such that said opening
is distal to at least some of the emboli.

42. The method of claim 40, further comprising moving
the distal opening in the catheter in a distal to proximal
direction during said drawing of blood to cross at least a
portion of the occlusion.

43. The method of claim 40, wherein said expandable
device is an inflatable balloon.

10

20

25

30

35

40

45

50

18

44, The method of claim 40, wherein said expandable
device is a filter.

45. The method of claim 40, wherein said catheter is
advanced over the guidewire.

46. The method of claim 40, further comprising, prior to
drawing blood into the distal opening of the catheter, per-
forming therapy on the occlusion, the performing of therapy
causing emboli to break off from the occlusion.

47. A method for the evacuation of emboli from a blood
vessel in which therapy has been performed on a lesion in
the vessel, comprising:

positioning a catheter having a lumen in fluid communi-

cation with a distal opening in the catheter such that
said opening is in the region of said emboli;

drawing fluid from the vessel into the distal opening such

that emboli are carried by said fluid flow from said
vessel into said distal opening and through said lumen
of said catheter; and

moving the distal opening in the catheter relative to said

lesion while continuing to draw fluid into the distal
opening,.

48. The method of claim 47, wherein the distal opening in
the catheter is positioned at a location distal to at least a
portion of an occlusive substance within said blood vessel.

49. The method of claim 48, wherein the occlusive
substance comprises emboli.

50. The method of claim 48, wherein the occlusive
substance includes material that is attached to the walls of
the blood vessel.

51. The method of claim 48, wherein the distal opening in
the catheter is moved in a distal to proximal direction until
it is proximal to said location while drawing fluid into the
distal opening.

52. The method of claim 51, further comprising moving
the distal opening in the catheter in a proximal to distal
direction after moving the distal opening in a distal to
proximal direction.

53. The method of claim 47, wherein said catheter is
delivered into the blood vessel over a guidewire.

54. The method of claim 53, wherein the guidewire
includes an occlusive device at its distal end.

55. The method of claim 54, wherein the occlusive device
is an inflatable balloon.

56. The method of claim 54, wherein the occlusive device
is a filter.

57. A method for the evacuation of emboli from a blood
vessel comprising:

delivering a guidewire carrying an expandable device

near its distal end to a location in the vessel having an
occlusion on the walls of the vessel;

actuating said expandable device to inhibit emboli in said

blood vessel from migrating past said expandable
device;

positioning a catheter having a lumen in fluid communi-

cation with a distal opening in the catheter over said
guidewire such that said opening is proximal to said
expandable device;

drawing fluid from the vessel into the distal opening such

that emboli are carried by said fluid from said vessel
into said distal opening and through said lumen of said
catheter, and

moving the distal opening of the catheter during the

drawing of fluid into the distal opening in a direction
such that the distal opening crosses at least a portion of
the occlusion.

58. The method of claim 57, wherein the expandable
device is actuated at a location distal to the occlusion.
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59. The method of claim 57, wherein the distal opening of
the catheter is moved during the drawing of fluid in a
direction such that the distal opening crosses at least a
portion of the occlusion.

60. The method of claim 57, wherein the emboli are
carried through said lumen of said catheter in a distal to
proximal direction.

61. The method of claim 57, further comprising, prior to
drawing fluid from the vessel into the distal opening, per-
forming therapy on said occlusion, the performing of
therapy causing emboli to break off from the occlusion.

62. The method of claim 57, wherein the expandable
device is an inflatable balloon.

63. The method of claim 57, wherein the expandable
device is a filter.

64. The method of claim 57, wherein the distal opening of
the catheter is moved in a distal to proximal direction during
the drawing of fluid.
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65. The method of claim 57, wherein the distal opening of
the catheter is moved in a proximal to distal direction during
the drawing of fluid.

66. The method of claim 65, wherein the distal opening of
the catheter is moved in a proximal to distal direction after
moving the distal opening of the catheter in a distal to
proximal direction during the drawing of fluid.

67. The method of claim 57, wherein the distal opening of
the catheter is moved over a distance of about 10 cm or more
during the drawing of fluid.

68. The method of claim 57, wherein the distal opening of
the catheter is moved repeatedly across the occlusion during
the drawing of fluid.
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